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1. Introduction

General Comments 

Volcanoes can be both beneficia! and detrimental 
to people. They can erupt violentlY, like Pompeii 
two millennia ago, with vast loss of life and de
struction of property. They can erupt more slowlY, 

generating no explosive airfall deposits, with lava 
gently flowing downhill to devastate soils and flora 
but cause little human death or injury. The benefi
cia! aspects of volcanoes are most evident after 
many years of weathering have produced rich soils 
which can sustain a varied flora and fauna or an 
intensive agricultura! adaptation. Obsidian and 
hematite are but two of the valuable volcanic com
modities used by prehistoric societies. Thus, peo
ple living in volcanically active areas can reap con
siderable rewards from the land and mountains, 
but they do face hazards in living there. 

Why do people live in areas known to be vol
canically hazardous? How and why do they recolo
nize areas after volcanic disasters? Do people living 
in hazardous environments dismiss the threat of 
a long-term, low-probability disaster in favor of 
short-term personal benefits, like contemporary in
habitants of earthquake-prone San Francisco and 
Los Angeles? Questions such as these are being 
asked by hazard researchers. Natural hazard re
search is a relatively recent subfield of human ecol
ogy. Its focus is the interaction of people and their 
environments, and particularly the effects of ex
treme environmental stresses and how people cope 
with them. Thus, its emphasis is on dynamic inter
relationships, not static, "average" conditions. 

Hazard research seeks out actual geophysical 
variation, rather than suppressing it into the mean. 
Too often we report the mean temperature and pre
cipitation for a location, perhaps make reference to 
seasonalitY, and let that stand as descriptive of the 
climate. The mean is as seductive a concept as a 
pottery type, but we must remember that it is an 
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abstraction. Nobody sees or experiences "mean 
precipitation." People adapt to the actual precipita
tion which is constantly varying on a dailY, monthlY, 

and annual basis; they do not adapt to a mean. 
The 1978 research of the University of Colorado 

"Protoclassic Project" in the Zapotitán Valley of El 
Salvador was conducted within the framework of 
natural hazard research. Of particular interest were 
the effects of the third-century Ilopango eruption 
on valley inhabitants. During the fieldwork, evi
dence was encountered of three explosive erup
tions which occurred more recently than Ilopango, 
and ,these were included in the research program 
insofar as was possible. Thus there is an emerging 
data base from El Salvador for comparing explosive 
eruptions, their effects, and the processes of natural 
and human recovery from them. 

In brief, it is now clear that the third-century Ilo
pango eruption was a natural disaster on a large re
gional scale. It disrupted settlement and agricul
ture in the southeast Maya area for a long time, and 
it may have had repercussions on the Maya living 
in the lowlands of northern Guatemala, both de
mographically and economically. In contrast, the 
later eruptions of Laguna Caldera, El Boquerón, and 
El Playón affected only a dozen to a few hundred 
square kilometers, and none of these later erup
tions could be considered major natural disasters. 
In contrast with Ilopango, these later eruptions had 
negligible long-term effects on the inhabitants of 
central El Salvador. 

Befare attempting to view the natural and social 
components of cultural ecology in their dynamic 
interrelationships, we must first examine the com
ponents themselves. In this chapter we will look 
first at the landscape, specifically at the geologY, 

physiographY, climate, flora, and fauna. Then the 
history and prehistory of the valley are examined, 
and the chapter closes with an introduction to the 
field research of the Protoclassic project in 197 5
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and 1978, and the brief 1979 and 1980 seasons. 
Later chapters will facus on particular aspects of 
geology, pedologY, and other tapies. 

The Landscape 

The country of El Salvador (Figure 1-1) encom
passes 21,393 km 2, about the size of Massachu
setts, with the study area (indicated in Figure 1-2) 
comprising 5 46 km 2 • An introduction to the natu
ral landscape is given here; a more detailed descrip
tion of the Zapotitán Valley can be faund in Chap
ter 5. 

GENERAL GEOLOGY AND PHYSIOLOGY 

Volcanism dominates the geological history of El 
Salvador, and a chain of Pleistocene and Recent 
volcanoes running northwest-southeast farms the 
backbone of the country. The weathered sediments 
from the volcanoes create level, fertile land in in
land basins, along floodplains, and on the coastal 
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plain. A good general overview of Salvadorean ge
ology is given by Howel Williams and Helmut 
Meyer-Abich (1955), and their report constitutes 
the source far this section except as otherwise 
noted. 

El Salvador has five majar physiographic do
mains. From north to south they are the northern 
mountains, the median trough, the volcanic chain, 
the coast ranges, and the coastal plain. In the 
northern mountains are faund the oldest rocks in 
the countrY, including sandstones, quartzites, lime
stones, and volcanics, and these are perhaps as old 
as the Cretaceous (Wiesmann 1975: 562) or the 
Mesozoic. Outcrops in the Metapán area probably 
are the source of most of the metamorphic rocks 
used far non-obsidian chipped stone tools in cen
tral and western El Salvador. The central and east
ern portions of the northern mountains are largely 
Pliocene volcanics (Wiesmann 1975: 571). 

A median trough or interior valley runs parallel 
to, and just south of, the northern mountains. It is 
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Figure 1-1. El Salvador, Central America: Prehistoric 
and contemporary features. The 1978 research area is 
outlined. Courtesy of Kevin Black. 

not continuous, being interrupted by various fea
tures, but it contains Lake Güija and the middle 
stretches of the Río Lempa, extending to the Han
duran frontier and into Nicaragua and Costa Rica. 
The trough is composed of alluvium and occa
sional Pliocene-to-Recent volcanics. It is a mixed 
erosiona! and constructional landscape. 

The next, and the most striking topographic fea
ture of the countrY, is the chain of Pleistocene and 
Recent volcanoes that stretch the length of the 
country. These are massive complexes of volca
noes, including Santa Ana in the west, San Salva
dor and San Vicente in the center, and San Miguel 
in the east. It is this zone that is noted far its seis
mic and volcanic activity. The Zapotitán Valley lies 
between the Santa Ana and San Salvador volcanic 
complexes. All of the majar volcanic complexes 
have been active repeatedly during historie times, 
sorne 450 years, and we are now finding that they 
were far from quiescent in prehistory. 

The coastal block mountains are the highly 
eroded remains of block-faulted Late Pliocene vol
canic rocks with sorne younger pyroclastic flows, 
the youngest being the 11tierra blanca joven" from 
Ilopango. The westernmost portian of the coastal 
mountains is the Tacuba Range. The Balsam Range, 
sorne 65 km long, is the longest of the three. Lying 
in the south-central part of the countrY, it farms 
the southern portian of our 1978 research domain. 
The Jucuarán Range is the smallest and eastern
most of the three. 

The fifth majar physiographic province of El Sal
vador is the coastal plain. Composed of alluvium 
and pyroclastic deposits from the volcanoes and 
coastal mountains, it is characterized by rich soils 
and sustains an intensive agricultura! land use to
day as it did in the prehistoric past. Its maximum 
width is 2 5 km, dwindling to nothing where the 
coastal mountains slope directly into rocky head
lands jutting into the Pacific Ocean. 

ZAPOTITÁN VALLEY PHYSIOLOGY AND 

VOLCANISM 

The Zapotitán Valley includes parts of three of 
Salvador's five majar topographic features, namely 
the median trough, the volcanic chain, and the 
coastal block mountains. The Santa Ana volcanic 
complex, reaching almost 2,400 m in height, farms 
the western boundary of the valley. The main Santa 
Ana cone, of Pleistocene and Recent age, had been 
active until 1904, the date of its last eruption. It is 
still fumarolic, and the high sulfur content of gases 
now being emitted testifies to its potential far fu-
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ture eruptions (William l. Rose, personal commu
nication, 1978). 

Izalco is the youngest majar component of the 
Santa Ana complex, having grown from nothing to 
a 1,900 m high volcano in only two centuries. Built 
of ash, lapilli, bombs, and basaltic lava flows, it be
gan erupting in 1770. It has erupted more often in 
historie times than any other Central American 
volcano (Williams and Meyer-Abich 1955: 11); this 
activity led to its use as a navigation aid and its 
nickname 11the Lighthouse of the Pacific. 11 Erup
tions were so frequent that the government con
structed a hotel and a volcanic observatory on 
nearby Cerro Verde (the third majar component of 
the Santa Ana complex), but in 1965, only a few 
months befare their completion, Izalco ceased 
erupting. Local inhabitants claim that the Sal
vadorean Air Force bombed the crater to initiate 
further eruptions, with no success. 

Lake Coatepeque, one of the most picturesque of 
Central American volcanic lakes, occupies an ex
plosion and collapse caldera on the eastern slopes 
of the Santa Ana volcano. The Coatepeque volcano 
apparently erupted sometime between ro,ooo and 
40,000 years ago, depositing thick layers of airfall 
rhyodacitic tephra over the western part of the 
Zapotitán Valley. Substantial deposits probably 
covered the entire valleY, and probably it is this 
stratum which weathered into the rich Preclassic 
soil (see Chapter 4). 

A number of small parasitic eones have grown on 
the eastern slopes of Santa Ana. These include 
Cerro Chino and San Marcelino, both of which 
have recently been active. Just west of our research 
area, Cerro Chino emitted a broad sheet of basaltic 
lava almost ro km long a few hundred years ago 
(Williams and Meyer-Abich 1955: ro). It interred 
about 15 km2 of fertile agricultura! land. Largely 
within the research area is the 1722 eruption of San 
Marcelino, which consisted of a blocky basalt lava 
flow about 11 km long. In addition to destroying 
about 1 5 km2 of prime agricultura! land, it buried 
the Pipil Indian town of San Juan Tecpan. 

The slopes of the Santa Ana complex, along with 
the adjacent hilly terrain, comprise our Western 
Mountains stratum far sampling purposes (see 
Black 1979 and Chapter 5 of this volume far more 
details). The stratum, which has an area of 164 km2, 
is generally characterized by low rolling hills, 
ridges, and slightly to moderately incised valleys. 

The Southern Mountains, with an area of 
13 1 km 2, made up another of the faur stratified sur
vey domains. As a portian of the Balsam Range, 
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well differ from our listing in sorne positions. On 
the other hand, relative age conclusions can be 
drawn much more reliably among such subgroups. 
Thus, there seems little reason to doubt that the 
subgroup from no. 14 to no. 16 is appreciably older 
than the one from no. 3 to no. 7, and probably older 
in the ratio of three to one. 

Comments and Conclusions 

After completion of hydration measurements, the 
excavator disclosed the breakdown of the twenty 
test pieces into three strata groups, comprised of 
the following listed members: A (nos. 1, 2, 3, 15, 
16, 17), B (nos. 4, 5, 6, 7, 8, 9, 10), and C (nos. 11, 12, 
13, 14, 18, 19, 20). These groups are defined in 
Table 10-A-3, and the mean (µ,m)2 value of the
members of each group is included as an obvious 
differentiating characteristic. 

The final composite C-14 date that has been re
ported for the Laguna Caldera eruption AD 5 90 ± 
90, would apparently set a minimum age limit for 
the B group of obsidian artifacts in this table. And 
it fits well wit1'1: the date sequence for all three 
groups. 

I think it would not be wise to try to quantify
at this stage-this newly established hydration se
quence for Cambio into absolute dating terms or an 
intrinsic hydration rate because of uncertainties 

Table 10-A-3. Cultural periods of three stratified 
obsidian sample groups from the Cambio site, and their 
mean hydration values 

Strata Assigned Cultural 
Group Period and Time Span 

c 

B 

A 

Late Classie (AD 700-900) 
Mid-Classie (AD 400-600) 
Pre-Classie (200 BC-AD 200) 

Hydration 
Mean (µ,m} 2 

6.0 (7 pes.) 
12.7 (7 pes.) 
21.5 (6 pes.) 

that remain. Among them are ( 1) the unknown site 
positions of individual blade pieces relative to each 
other in the group and to the stratum boundaries, 
(2) the unevaluated immediate local thermal effects
on surface artifacts concomitant with the eruption,
and (3) the longer-lasting climatic and subsurface
effects in the aftermath. These factors would all
bear on the formation rate of hydration on obsidian
and require corrections for which no information is
at hand.

However, the relativ.e hydration levels now known 
for the C, B, and A groups certainly have further 
empirical usefulness. For example, if an obsidian 
collection excavated from an undatable stratum in 
the same region (Cambio) shows a mean hydration 
value clase to one of the now known ones, it can 
be assigned to the implied cultural period with a 
pretty high degree of confidence. 

Appendix 10-B. Trace Element 
Analysis of Obsidian from the 
Cambio Site 

Following are the X-ray fluorescence (XRF) data, 
the neutron activation data, and the interpretation 
for twenty obsidian prismatic blades from the Cam
bio site in the Zapotitán Valley. The concordance of 
sample identifiers is given in Table 10-B-1. 

Our measurement system involves two XRF 
analyses, one for Ba and Ce and the other for Rb, Sr, 
and Zr. We obtain several other elements in the lat
ter measurement (e.g., Fe, Mn, Zn, Y, and Nb), but 
normally determine only whether their abundances 
are consistent with the final provenience assign
ment. Once we have made assignments by XRF we 

Table 10-B-1. Coneordanee of Cambio samples 

LBLName 
and Artifact 
Number Site XRF NAA 

CAMB-1 336-1 06 8086-0 
-2 336-1 06 -E
-3 336-1 06 -F
-4 336-1 K2 -G
-5 336-1 K2 -H

-6 336-1 K2 -1

-7 336-1 R2 -J
-8 336-1 R2 -K

-9 336-1 R2 -L
-10 336-1 R2 -M

-11 336-1 Ll -N

-12 336-1 Ll -O
-13 336-1 Ll -P
-14 336-1 Ll -Q 1070-Q 
-15 336-1 os -R
-16 336-1 os -S
-17 336-1 09 -T
-18 336-1 -U
-19 336-1 Zl -V

-20 336-1 Zl -W

by Helen V. Michel, Frank Asara, 
and Fred Stross 

subject a respresentative sample from each com
position group and any samples whose provenience 
is uncertain to an abbreviated neutron activation 
analysis (NAA). If any samples still have an uncer
tain provenience after the abbreviated NAA, we 
complete a detailed neutron activation study of 
those samples (if funding permits). 

The abundances in the twenty Cambio samples 
agree well with each other statistically. All could 
be readily assigned to Ixtepeque (source 2-1 of Sid
rys) by the XRF measurements with the assump
tion that we have made measurements on all likely 
sources of the obsidian (Table 10-B-2). The esti
mated accuracy of the present measurements is 
about 10 percent. The Rb/Zr and Sr/Zr ratios for 
most óf the likely sources known to us are shown 
in Table 10-B-3. The only known source that we are 
aware of with values within 10 percent of both of 
these ratios is Ixtepeque. To confirm the Ixtepeque 
assignment, we did an abbreviated NAA measure
ment on Camb-14 with the results shown in Table 
10-B-4. The agreement with the Ixtepeque refer
ence group is excellent, so there is no doubt about
the provenience assignment. The other nineteen
Cambio samples can be assigned an Ixtepeque pro
venience with almost the same confidence, so there
is no need for further NAA measurements.
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298 JAMES HUMMERT 

found in a nonrandom site survey collection along 
with sorne shells. 

3. No. 336-1B3 (Cambio). One-half of the dis
tal end of the metacarpal or cannon bone of a 
small <leer. Found in the third level of Test Pit 1, in 
tierra blanca joven (tbj), along with sherds. Possible 
food debris; shows no evidence of other use or 
modification. 

4. No. 336-1C3c (Cambio). Piece of <leer bone.
Found in brown clayey soil rich in sherds, below 
the tbj. This fragment is about 5 cm long and 2 1/2 

cm wide, and shows sorne charring on one side and 
a very smoothed, polished surface on the other. It 
was apparently used far smoothing, perhaps far pre
paring hides, since the surface shows no scratching 
lines that would be expected if it had been rubbed 
against a harder substance. 

5. No. 336-1D6 (Cambio). Distal end of the tibia
of a <leer. Found in the fill of a Preclassic mound in 
Test Pit 2, at the base of the tbj and on top of the 
Preclassic level, along with sherds and lithics. 

6. No. 336-1G2 (Cambio). Three bones were
found: (a) part of the pelvis of a deer-sized animal; 
(b) a bird leg-bone .fragment; and (c) a piece of the
humerus of a mammal. These were found along
with sherds and lithics in Feature 1 (a bell-shaped
pit) in Test Pit 4, in the dark cinder fill of the pit,
above the tbj layer. Possible food debris, showing
no evidence of other use or modification.

7. No. 336-1G3 (Cambio). Maxilla fragment of a
carnivore, possibly a dog. Found in Feature 1

1 
Test 

Pit 4
1 

along with lithics and sherds, below the tbj 
layer. 

8. No. 336-1N2 (Cambio). Jaw fragments of a cav
iamorph (guinea pig-like) rodent. Found in Test Pit 
11, below a "talpetate" (tuff) layer, along with 
sherds, lithics, and sorne ground stone. 

In all, there are perhaps six different species rep
resented, with at least one (the domestic pig) being 
from the recent historical period. It is likely that 
most of these are food debris, and that only one (no. 
336-1C3c) was used as a tool, but this is obviously
inferential due to poor preservation and the limited
knowledge of their contexts.

Shells 

The shells found are from surface survey col
lections and represent two classes of mollusks, 
Pelecypoda (clams), and Gastropoda (snails). A to
tal of six fairly entire pieces and fourteen fragments 
of the former, and one specimen of the latter were 
recovered. Identifications are based on Myra Keen 

(1958) and Lawrence H. Feldman (personal com
munication, 1978). 

The Pelecypoda are bivalved mollusks with the 
two shell parts joined together by a hinge. The spe
cies found is Anadara formosa (Sowerby 1833), and 
is of the family Arcidae, the Genus Anadara, and 
the subgenus Anadara, s.s.; it is an edible marine 
species which is found along the Pacific Coast from 
lower California to South America. Proveniences 
of the Anadara formosa which were recovered are 
as follows: 

r. No. 78-3A4 (La Palonia). Five small fragments
and one half-shell with a broken beak. Found on 
the surface at Site 78-3, a mound which is situated 
at the west edge of the present town of Armenia. 
The mound had a lot of overgrowth and was as
sumed by the survey crew to be a ritual zone with 
no residence, based on the extent of the cultural 
material scatter. Sorne sherds and obsidian waste 
flakes were found in the area, but no blades or 
ground stone artifacts. 

2. No. 78-4B3 (Armenia). Four fragments and two
complete half-shells. Site 78-4 is at the crest of a 
hill and may be the extension of what was a large 
site near what is now Armenia. Found with three 
teeth from a domestic pig. 

3. No. 50-2D2 (Madre Tierra). Two half-shells,
found in a north-south transect, from the road to 
the river at the base of a hill. 

4. No. 78-1A9 (La Carita). One half-shell, found
near the Río Azucualpa drainage which abuts the 
west edge of Armenia. This shell was found in 
association with figurines, chunks of fired adobe, 
and one piece of obsidian. 

5. No. 50-1A4 (Tomás). One fragment of a mature
shell, found in association with a dense sherd and 
obsidian scatter. 

6. No. 50-1A3 (near San Andrés). Two small frag
ments found near the west edge of the quadrat with 
a lot of sherds. 

7. No. 80-IF1 (near Cerro Alto). Two small frag
ments found in a quadrat with no associated sites. 

The single specimen of Gastropoda which was 
recovered is Pachychilus cf. largillierti (Phillipi 
1843), a common edible freshwater snail not listed 
by Keen (Feldman, personal communication, 1978). 
Thís shell, no. 50-1A1

1 
was found near San Andrés, 

in association with a dense sherd and obsidian scat
ter and, although broken, shows no evidence of 
having been polished, abraded, or otherwise modi
fied far any artifactual purpose. 

Because the shells are from different areas around 
the valley and are associated with different debris, 

it is impossible to know with certainty whether 
any or all are contemporaneous, but it would seem 
so judging from their condition. Based on their pro
veniences and the fact that bone or shell ( CaC03 ) 
doesn't last long on the surface in this climate, 
all are probably from the recent historical period 
(Sheets, personal communication, 1978). None of 
the shells show any evidence of modification or 
use. It is likely that all were used far food since 
they are edible and were found sorne distance from 
salt water. 
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