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RESUMEN

Se presentan los resultados de los estudios de paleomagnetismo (primeros 12 metros) y microfésiles (primeros 8 metros) para
la secuencia lacustre del lago de Chalco. Estos se han realizado en material recobrado de cuatro perforaciones en el sector central
del lago. La reconstruccién paleoambiental propuesta integra los datos de polen, diatomeas, limnologia, paleomagnetismo y fe-
chamientos de radiocarbono. La edad estimada para el fondo de la secuencia, a los 12 m, es de 25,000 afios antes del presente.
Los sedimentos estdn caracterizados por valores altos de susceptibilidad magnética, los cuales estdn relacionados a la ocurrencia
de material volcénico (se identifican 10 tefras en esta parte de la secuencia). La paleoflora estd constituida principalmente por
bosques de coniferas y vegetacién subacudtica. Los datos limnolégicos indican fluctuaciones en el nivel del lago, con correspon-
dientes cambios en salinidad y alcalinidad. La disminuci6én o ausencia de paleofdsiles en la secuencia correlacionan con la locali-
zaci6n de las tefras; ello sugiere una relacién con la actividad volcdnica.

El registro de declinacién magnética muestra varias anomalias, de hasta 30 - 60 grados, para aproximadamente los 5,000 afios
y los 14,000 afios. La variacién para los 5,000 afios ha sido observada también en estudios de rocas volcanicas y podria reflejar
una variacion del campo geomagnético. El registro de inclinacién magnética muestra un patrén mas homogéneo, con fluctuacio-
nes alrededor de los 32.9 grados (inclinacién dipolar es de 35.3 grados). Sin embargo se tiene también una variacién para los
14,000 afios, que se resalta en los valores de la anomalia de inclinacién. El andlisis espectral de los registros de los varios pardme -
tros magnéticos indica varios periodos dominantes. Para la intensidad se tienen del orden de 650 a 2,900 afios. Para la declinacién
se tienen del orden de 850 a 2,900 afios. Para la inclinacién se tienen del orden de 1,000 a 3,800 afios.

PALABRAS CLAVE: Paleoambientes, paleoecologfa, paleoclimatologia, paleomagnetismo, Lago de Chalco, palinologia, dia-
tomeas.

ABSTRACT

Results of a detailed palacomagnetic and microfossil study of the first twelve and eigth meters, respectively, of the lacustrine
sedimentary sequence from Chalco Lake, southern Basin of Mexico are reported. The study is based on four cores recovered
from the central part of the lake. Radiocarbon dating indicates an age for the bottom of the section (12 m) of about 25,000 yr B.P.
Sediments are characterized by high magnetic susceptibility values, related to the intensive and widespread volcanic and tectonic
activity in and around the lake. The palaeoflora was mainly constituted by coniferous forests in the highlands and swamp vegeta-
tion closer to the lake. Palaeolimnological data document fluctuations in lake levels, with changes in salinity and alkalinity. Di-
minution or absence of palaeofossil populations in the sequence show a correlation with the tephra (as indicated by high magnetic
susceptibilities and remanence intensities). Volcanic activity affects microfossil abundance and distribution both directly (tephra
fallout in the lake area) and indirectly {e.g., through enhanced erosion, tectonism and hydrothermal alteration).

The characteristic declination shows several anomalies; large swings are observed at 5,000 and 14,000 yr B.P. The inclina-
tion varies around a mean value of 32.9°, with an apparent cyclic pattern. There are no large swings in the inclination data as
compared with the declination, but the inclination anomaly shows a peak at about 14,000 yr B.P. that correlates with the declina-
tion swing. Intensity data show periodicities from 650 to 2,900 yr. Declination data show similar dominant periods in the order of
850 to 2,900 yr. Inclination data present periodicities in the range from 1,000 to 3,800 yr.

KEY WORDS: Palacoenvironments, palaececology, palaeoclimatology, Chalce Lake, Basin of Mexico, palacomagnetism,
palynology, diatoms.

1. INTRODUCTION trine sequence and radiocarbon dating (Urrutia-Fucugauchi

In this paper we report initial results of an interdisci-
plinary study of the lacustrine sedimentary record of Chal-
co Lake (19.5°N) in the southern sector of the lake system
of the Basin of Mexico (Figure 1). An earlier paper includ-
ed results on basin structure, coring, stratigraphy of lacus-
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et al., 1994). This second paper is concerned with the pa-
lacomagnetic and palacoenvironmental studies.

The Basin is limited by volcanic ranges: Chichinautzin
in the south; Sierras Nevada and Rio Frio (including the
stratovolcanos Popocatépetl and Iztaccihuatl) in the east;
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Fig. 1. Schematic reconstruction of the lake system in the Basin of Mexico at about 1521 DC. The system was composed of several inter-

conected small basins. This study concentrates in the southeastern lake basin of Chalco. Drainage system is also shown schematically, as

well as the settlements of the Mexica and other groups (major urban centers are Tenochtitlan and Tlaltelolco in the middle of Lake Tex-
coco).
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Sicrra de las Cruces in the west; Sierras Tepotzotlan and
Pachuca in the north. Development of cxtensive shallow
lakes resulted in a thick volcano-sedimentary sequence,
which provides a detailed record of past limnological, eco-
logical, and climatological conditions in the basin (e.g.,
Scars, 1952; Sears and Clisby, 1955; Bradbury, 1971,
1989; Watts and Bradbury, 1982; White, 1987; Lozano-
Garcia, 1989; Lozano-Garcia et al., 1993).

The continuous growth of the metropolitan and indus-
trial area of Mexico City since the 16th century has pro-
duced severe changes in the environment and ecosystems,
mainly because of the huge demand of water, the contami-
nation of atmosphere, soils and water, microclimatological
changes, reduction of green areas and accumulation of
garbage and waste water. It is important to distinguish
such processes from natural ones related to volcanic erup-
tions, climatic changes, and other geo-biological processes.

2. FIELD WORK AND CORING IN CHALCO LAKE

The study area is situated in the southeastern sector of
the Basin. The lake sediments of the Chalco sub-basin
have an approximate extension of 1,500 km2. Its central
part is presently covered by shallow alkaline waters at least
during the summer rain season. At the time of the first cor-
ing operations in April-May 1988, the study area (Figure
2) was essentially dry. Since the end of the summer 1988
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rain season, the area has remained partly covered by a
shallow lake.

During two field campaigns, 4 vertical sections (Figure
2) were sampled (A to D), down to depths of 26 m. Coring
was completed with a modified Livingston piston corer
that permits more than 95% recovery of undeformed sedi-
ment. The presence of a 'hard' layer (one of the marker
horizons in the basins; Mooser, 1967, 1975) limited the
maximum coring depth (Core B).

For palacomagnetic studies, the construction of a sam-
pling mechanism and procedure was neccessary to collect
relatively undisturbed sediment into transparent plastic
cubes. The extruded half-cores were laid on an aluminum
base with lateral bounds, which limited the sediment thick-
ness to be transferred to the plastic cubes. The overlapping
sediment was cut with a thin steel wire to avoid distortion.
On top of the resulting sediment slab, a movable guide for
the plastic cubes was positioned. The cubes were pushed
into the sediments by means of a piston system that con-
trols the sampling angle (Figure 3). Separation of indi-
vidual samples was 1.25 or 2.5 cm, representing some 50%
overlap.

Pollen samples were taken at 10 cm intervals in Core B.
Extraction of palynomorphs was done using a volume of 2
cubic cm. Diatom samples were collected also at 10 cm
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Fig. 2. Schematic topographic map of the Chaleo area showing the actual situation of city settlements and the location of the coring sites
(indicated by capital letters A to D).
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moveable guide for piston, (d,e,f) piston system for sampling, (g) sample separation (15 mm). Non-magnetic plastic cubes are about 10 cc.

36



ntervals in Core A. For every sample, 0.5 g of dry sedi-
ment was treated to eliminate carbonates and organic
matter.

3. STRATIGRAPHY AND AGE DETERMINATIONS

The stratigraphy and radiocarbon data of the lacustrine
sequence was discussed in the previous paper (Urrutia-Fu-
cugauchi et al., 1994). Based on the coring reports and de-
tailed descriptions of each extruded core, lithostratigraphic
columns were established. Figure 4 shows columns for the
cores D, C, and the core A-B, which was combined for the
first 12 m because of the proximity of locations A and B.
We propose a subdivision into 7 major stratigraphic units,
with 16 tephra layers for the 26 m thick sequence. The
units and tephra layers are numbered from top to bottom
with Arabic and Roman numerals, respectively.

All units were recognized in the 4 cores. The only ex-
ception is Tephra Vla, restricted to core A-B and not found
in cores C and D. Observations may be summarized as fol-
lows.

The thickness of the sedimentary units decrease to-
wards core C, most clearly for the upper 4 units.

The units in core C were deposited at shallower depths
than in cores A-B and D, in agreement with present topo-
graphic differences.
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The sediments recorded an intensive volcanic activity.
This activity concentrates in the first 9 m of core A-B,
where 9 of the 16 tephras are present. .

The sedimentation rate estimated from the available
14C analyses gives about 0.28 mm/y for the interval be-
tween 3.5 m and 8.13 m and a rate of about 0.80 mm/yr for
the upper portion above 3.5 m. These are order of magni-
tude rates, since the estimations include the tephra layers,
some up to 50 cm thick, which were accumulated in short
intervals for the upper portion of the sequence. This gives
only an upper limit of the deposition rates.

The variation of organic carbon content suggests that
the first 8 m correspond to a shallow lake environment
with high accumulation and preservation of organic matter
(Urrutia-Fucugauchi et al., 1994). ‘

The 14C date distribution may be interpreted in terms
of a change in the sedimentation process at about 12,000 yr
B.P., that agrees well with a change of environmental con-
ditions from the Pleistocene to the Holocene.

The radiocarbon data has been discussed in the previ-
ous report (Lozano-Garcia et al., 1993; Urrutia-Fucugau-
chi et al., 1994). Eleven dates were obtained for the first
twelve meters of the sequence. The information is integrat-
ed in the stratigraphic column (Figure 4). The age at 8 m is
about 19,000 yr B.P. and at 12 m is about 25,000 yr B.P.
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Fig. 4. Simplified lithostratigraphic columns tor the cores studied in Chalco Lake.
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Several widely distributed tephra layers have been used as
stratigraphic markers in studies of the Basin of Mexico.
They include two tephra layers originated from the Nevado
de Toluca volcano (upper Toluca pumice, UTP and lower
Toluca pumice, LTP) and one from the Popocatepetl vol-
cano ("Pomez con andesita’, PCA). Bloomfield and Valas-
tro (1974) give an age of about 11,600 yr B.P. for UTP.
The 'pomez tripartita’ found in the Tlapacoya sequence
(dated between 12,900 and 9,920 yr B.P.; Garcia Barcena,
1986) has been correlated with UTP (Bloomfield and Va-
lastro, 1977). The UTP likely correlates with tephra II in
our cores (Figure 4). PCA was described by Mooser (1967)
for the Tlapacoya sequence, and has been dated at 14,450
yr B.P. (Garcia Barcena, 1986). This characteristic tephra
is present in the Chalco cores (Tephra VI; Figure 4); how-
ever, the estimated age following ‘the radiocarbon dates is
much older, about 16,500 yr B.P. This age has been used
for interpretations of the stratigraphy (Lozano-Garcia et al.,
1993). Further study on the PCA age is needed. A tephra
layer identified in the Tlapacoya sequence, the 'pomez
marcadora superior’ with an age of about 4,900 yr B.P.
{Mooser, 1967; Garcia Barcena, 1986) is not apparrently
present in the Chalco cores. Lozano-Garcia et al. (1993)
proposed that its absence may be related to some tectonic
disturbance and erosion that affected the Chalco basin.

4. PALAEOMAGNETIC RESULTS

The low-field magnetic susceptibility was measured
with a Bartington MS-2 susceptibility bridge (core logging
sensor and the MS2B dual frequency sensor). Direction
and intensity of natural remanent magnetization (NRM)
were determined with a Molspin spinner fluxgate magne-
tometer. The magnetic stability and vectorial composition
of the NRM was investigated by detailed step-wise alter-
nating field (AF) demagnetization. AF demagnetization
was completed with a Schonstedt GSD-5 instrument (used
in the static three positions method).

Magnetic susceptibility varied along the various cores,
with the maxima clearly related to the occurrence of tephra
layers (Urratia-Fucugauchi, 1990). The highest values cor-
respond to Tephra VII and VIII (Table 1). Tephra VIa was
not observed macroscopically; it was inferred from the
high susceptibility values measured in all cores. The sus-
ceptibility peaks of the tephra layers represent a very im-
portant support for correlation of the cores obtained at dif-
ferent sites, and the stratigraphic columns and correlations
largely rely on that property. Figure 5 shows the variation
of magnetic susceptibility with depth for the 4 cores, and
assigns the observed peaks to the 10 tephra layers.

NRM inclinations could be easily determined absolute-
ly, whereas declination could only be measured relatively
within each core section. A composite declination log for
the entire core sequence measured was completed by sin-
gle vertical axis rotation of declination data for consecu-
tive core sections until values from the bottom and top of
given sections coincided. Variation of both parameters
with depth are shown in Figure 6, together with NRM-in-
tensity, The upper 80 cm show high dispersion, probably

38

Table 1
Magnetic susceptibility (in 10-5 SI-units) for tephra layers
TtoIX.
TephraUnit CoreA CoreB ~ CoreC  Core D
1 30 40 45 45
I 10 18 20 15
I 32 20 72 115
v 87 72 100 55
AY 95 75 110 142
VI 135 138 135 160
Via 33 50 - -
vl 132 72 128
VII 50 25 -
X 42 25 30

Tephra II corresponds to the upper Toluca pumice. Tephra VI
corresponds to the ‘pomez con andesita’,

due to reworking of the sediments by agricultural activity.
Below about 1.3 m a similar pattern was observed in all
cores.

Declination with depth shows well defined consistent
variations between about 90° and 30° (Figure 6b). This pat-
tern of declination changes seems typical for lake sediment
records of geomagnetic palaeosecular variation (Creer et
al., 1983).

The expected mean inclination for an axial geocentric
dipole at the latitude of Chalco is 35°, The observed NRM
inclination records for cores A and B vary around the dipo-
lar inclination, with considerable angular dispersion (Fi-
gure 6¢). High angular dispersion of NRM directions has
been also observed by Liddicoat et al. (1979, 1981) for se-
diments in the nearby Tlapacoya sequence. This high an-
gular dispersion may be due to secondary components, ef-
fects related to the sampling procedures, and also to some
extent to the low magnetization intensities which result in
larger measurement errors. Additionally, superparamagnet-
ic minerals may acquire anomalous magnetizations in the
ambicntal magnetic ficld. To reduce that contribution, the
samples for core D were stored in a magnetically shielded
space. After AF demagnetization, the directional disper-
sion is reduced.

NRM intensity varies between 0.1 and 100 mA/m. As
mentioned, the high intensities are related to the tephra lay-
ers and correlate with the low-field magnetic susceptibili-
ty. In contrast to the magnetic susceptibility variations, in-
tensity variations arc less pronounced: above many tephra
layers, NRM intensities change gradually to lower values,
possibly because of sediment reworking and the indirect
effects of deposition of fine-grained ash eroded outside the
lake.

Almost all samples demagnetized with AF show
simple univectorial magnetization, with vector plots
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(Zijderveld, 1967) directed towards the origin (Figure 7).
This simple vectorial behaviour led to the decision to de-
magnetize the rest of the samples at one step of 15 mT
(mili-Tesla).

The declination record is very smooth and shows small
amplitude variations, between about 90° and -20°, with a
pronounced ‘swing' at a depth of 200 cm. The declination
values were referred to an arbitrary declination value in the
first core segment and all other core segments were rotated
to adjust to that value, then obtaining a composite declina-
tion record for the entire core (Figure 8a).

There is apparently little resolution in the inclination
record from the demagnetized NRM for the Chalco core
examined in detail through demagnetization procedures.
The variation of inclination with depth is given in Figure
8b. It shows more scatter than the declination record, with
values distributed around the dipolar inclination for the
sampling site which is about 35° and with a rough corre-
spondance with the lithological variation and core seg-
ments. The inclination values mainly range from about 20°
10 60° and show an increase towards the deeper part of the
core. The scatter observed in the inclination data is disap-
pointing since one of the initial objectives of the project
was the documentation of the gecomagnetic palacosecular
variation for central Mexico. Nevertheless, a detailed ass-
esment of factors contributing to scatter and stacking of in-
clination records may still help in improving the resolution
of the remanent magnetization record for Chalco Lake.

Palacosecular variation estimates from studies of recent
Brunhes volcanic units in central Mexico suggest a low
non-dipole field component (Béhnel et al., 1990). An
earlier palacomagnetic study of the sediment sequence at
nearby Tlapacoya (Liddicoat ef al., 1979, 1981) indicated a
small amplitude declination variation. For one of the sec-
tions studied, they reported the occurrence of a swing in
the declination values that was interpreted in terms of an
excursion of the geomagnetic field. This interpretation was
later withdrawn since they were unable to observe the ex-
cursion in the other sections. The Tlapacoya 'excursion’
was found at about 14,000 yr B.P. (Liddicoat et al., 1979,
1981).

The corresponding variations in the intensity after de-
magnetization are also included in Figure 8c. It can be ob-
served that an apparent cyclic variation with stratigraphic
position is present in the values, similar to that in the initial
NRM intensity.

5. PALYNOLOGICAL STUDIES

A total of 80 samples was studied, taken every 10 cm
from core B. The palynomorphs were extracted from 2 cm3
of sediment. To estimate the total abundance, 2-3 marker
tablets (Lycopodium clavatum) were diluted with the sed-
iment. After standard preparation for microscopy, 500 pa-
lynomorphs and the markers were counted in every sam-
ple, belonging to trees, bushes, herbs, aquatics, fungi, and
algae.
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The results of the pollen analyses in the first 8 m are
presented in a summary pollen frequency diagram (Figure
9). It includes the most important taxa in terms of abun-
dance and palaeoecological significance. The calculation
of the pollen concentration, expressed in number of pollen
grains/cm3 x 1000, and the drawing of the diagram were
made with the Tilia program (Grimm, 1992).

Arboreal pollen is dominated by several species of
Pinus, Quercus and Alnus, also found elsewhere in Mexico
{(e.g., Brown, 1985; Xelhuantzi, 1991). This results in
rather homogenecous pollen” diagrams. ‘Some other tree
pollen taxa with relative low frequency were recorded, in-
cludying Abies sp., Cu-Ju- type (genus Cupresus and Juni-
perus). Extremely low frequency (less than 2 %) pollen
such as Liquidambar, Carpinus-Corylus type, Fraxinus,
Ulmus, Fagus, Picea, Podocarpus, Tilia and Populus are
present in the record. The only non-arboreal polien curves
correspond to Poacaeae, Chenopodiacae-Amaranthaceae.
Other herbaceous taxa present in low frequencies corre-
spond to Compositae, Artemisia, Cirscium, Ambrosia and
Umbelliferae. Some elements of subaquatic vegetation
such as Cyperaceae, Typha sp., fungi spores and algae
were also observed in the samples. The palynological as-
semblages offer indications of past vegetation communi-
ties in the basin, and changes in palacolimnology.

Based on the variation in frequency of the taxa, it is
possible to establish different periods of changes in the
pollen record. From 8.0 m to 4.95 m, the pollen record is
affected by the intense volcanic activity. This is observed
in a reduction or even absence of pollen. Pollen concentra-
tion is low (26,000 grains/cm3), with Pinus, Quercus and
Alnus as dominant elements. Grasses with high values
point to a more extended herbaceous cover in the vegeta-
tion. Elements of the subaquatic environment are present
in low frequencies; this could reflect the unstable condi-
tions due to volcanic activity and lake level changes. Re-
duction in lake levels contributes to the increase of fungi.
High values of loss-on-ignition are also observed in this
mterval (Urrutia-Fucugauchi et al., 1994),

Between 4.95 m to 3.00 m, the record with increased
pollen concentration (105,000 grains/cm3 on average) sug-
gests more stable environmental conditions. Although the
same pollen taxa are present, the low frequency taxa be-
come more abundant. Slight reduction in grasses and the
increase in arboreal polien could indicate an expansion of
the forests. The increase in Cyperaceae and Typha could
be associated with humid conditions in the areas around
the lake.

Palynological assemblages from 3.00 m to 2.10 m sug-
gest the establishment of mixed forests with pine and oak
in the area, and a consequent reduction of the herbaceous
pollen, mainly grasses. Pollen concentration is about
80,000 grains/cm?® during this period. Frequency of fungi
decreases substantially probably due to a high lake level.

Arboreal pollen attains highest frequencies from 2.10
to 1.05 m. In addition to the pine, oak and Alnus, during
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this time, pollen of Abies becomes an important element
and oak shows high values. Pollen of Picea, Podocarpus,
Fagus, Juglans are present in very low frequencies (<2%).
A reduction in overall pollen concentration is observed
(50,000 grains/cm3 in average). Pollen of subaquatic vege-
tation decreases, and fungi record is minimal. Conditions
may be more humid, as indicated by the presence of Abies
and Picea, as well as the expansion of the forest.

The upper meter in the pollen record of Chalco is char-
acterized by the occurrence of Chenopodiaceac-Amaran-
thaceae, associated with human activity. Deforestation is
also noted in the polien diagram with the reduction of pine.
Modifications in the erosion rates are documented by
increments in susceptibility values.

6. DIATOM STUDIES

Diatom samples were prepared using a constant weight
of 0.5 g of dry sediment that was treated with standard
methods and diluted to a constant volume of 30 ul. Diatom
counts (500 valves) were performed on duplicate slides
prepared with 25 pl to determine diatom taxa relative
abundance. Total abundance was determined by selecting
and counting an index taxa at low amplification (40 x ob-
jective) in the entire aliquote.

The detected diatom taxa can be grouped into five cate-
gories. These categories differ slightly from those reported
in Lozano-Garcia et al. (1993), that were based on a classi-
fication by Bradbury (1989) in which Cocconeis placen-
tula is considered as indicative of alkaline environments.

1. Species representative of shallow acidic water environ-
ments like Eunotia spp., and Pinnularia spp.

2. Species representative of shallow fresh water environ-
ments, mostly the Fragilaria spp. complex.

3. Species representative of fresh to slightly alkaline
swamps, like Cocconeis placentula, Cymbella spp,
Epithemia spp, and Navicula spp.

4. Species representative of shallow alkaline environments,
mostly Cyclotella meneghiniana and Nitzschia spp.

5. Species representative of shallow salinc-alkaline envi-
ronments like Amphora veneta, Anomoeneis costata
and Navicula elkab?.

Chrysophyte cysts are also abundant in some samples,
these cysts are representative of acid environments and be-
cause they are resting structures, are considered to repre-
sent unstable conditions probably related to changes on
water levels and chemistry or to disturbances induced by
volcanic activity.

Based on diatom relative and absolute abundance and
on the presence of Chrysophyte cysts (Figure 10) we may
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interpret the limnological history of Lake Chalco during
the last 18,000 yr B.P. as follows:

1. From 8 to 5.05 m (c.a. 19,000 to 15,000 yr B.P.): During
the period represented by this section, Chalco lake was a
fresh to slightly alkaline swamp that had alternating
short events in which an acid environment was favoured
(Figure 10). These events may have been related to
deglaciation periods during which water inflow was
higher, these events could have favoured as well the de-
velopement of acid pond diatoms on the heights sur-
rounding the lake that were later transported into it.
These deglaciation processes could have been originated
either by climatic variablity or volcanic activity.

II. From 4.95 to 2.25 m (c.a. 15,000 to 9,000 yr B.P.):
Along this section Fragilaria spp. becomes dominant,
this suggests that Chalco experienced a transition, in-
volving a small increase in water level, from a swamp to
a fresh water pond (Figure 10).

III. From 2.15 to 1.00 m (c.a. 9,000 to 5,000? yr B.P.): The
diatom record in this section exhibits a marked change,
diatom total abundance is very low and the dominant
taxa are the representative of saline-alkaline shallow en-
vironments (Figure 10). The higher abundance of
Anomoeoneis costata in the lower part and of Amphora
veneta in the upper part (Figure 10) indicates that during
this period Chalco was a very shallow saline-alkaline
swamp with a tendency towards a decreasing salinity.

IV. From 0.8 t0 0.2 m (c.a. 5,000 yr B.P. to present?): In
this section the diatom record exhibits a marked change
again, with the disappearence of most of the varieties
representative of saline-alkaline environments and an in-
crease in the fresh and alkaline representative varieties.
This can be interpreted as a recovery of the fresh to
slightly alkaline swamp conditions in Chalco (Figure
10). However there may be serious alterations in this
part of the record due to agricultural activities that have
taken place in the area.

7. DISCUSSION AND CONCLUSIONS
7.1. Palaeoenvironmental reconstruction

On the basis of the results obtained so far, the Late
Quaternary palacoenvironments in Chalco can be de-
scribed as follows.

During the late Pleistocene, the upland vegetation is
dominantly open forest of pine and oak, and the grasslands
seems to have been more common. Volcanic activity is
intense, resulting in high values of magnetic susceptibility
and low concentration of micro fossils (palynomorphs and
diatoms). Lake Chalco was a swamp or pond with apparent
alternating periods between fresh water (pH-7) and acid
(pH<7) water. Periods of higher humidity are indicated by
fresh water diatoms (Fragilaria spp.) an increment in
fringing vegetation (Cyperaceae and Thypa spp.), phases
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of lower humidity by diatoms typical for shallower water
and more alkaline conditions (Cocconeis sp.).

At the end of the Pleistocene and before the climatic
change of the Holocene, a major increase of humidity is
recorded. Chalco became a fresh water pond with abundant
fringing and floating vegetation; in the poilen record Abies
approached present conditions. Limnologically Chalco
changed to a saline alkaline marsh (pH 8-9) and the pollen
assemblages also are modified. Oak is more abundant as
well as the total arboreal pollen; the reduction in humidity
suggested by the diatom record is not observed in the
pollen data. On the contrary, there are indications of a
semidecidous forest. The late Holocene in the records is
characterized by human impact, and climatic interpreta-
tions of the records are difficult.

In general terms, the lake level reconstruction proposed
in this work is consistent with the results by Bradbury
(1989), except for the period around 11,500 1o 5,000 yr
B.P. which he characterizes in terms of saline assemblages.
Watts and Bradbury (1982) had interpreted the saline peri-
ods in terms of wetter conditions associated with flooding
from Texcoco lake. The association by Bradbury (1989)
for saline assemblages with dry periods is in better agree-
ment with the diatom assemblage observations in our
cores, where genera documented are benthic or epiphytic,
suggesting shallow water levels and increasing evaporation
in Chalco. Uncertainties with the chronological control
may explain the apparent differences between results from
our core and thosc summarized by Bradbury (1989), par-
ticularly if they are based on identification of tephra and
lateral correlation to produce a chronological sequence.
Difficulties can be observed, for instance, in the various
data sets obtained in the Tlapacoya archacological site
studies (Lorenzo and Mirambell, 1986).

Most studies concerning the palacoccological pro-
cesses during the late Quaternary have been conducted in
high latitudes. Water level was high in the SW of the
United States during the glacial maximum, about 18,000 yr
B.P. The increasing melting of the polar caps was followed
by an increased aridity and reduction of the water level
(CLIMAP, 1976, 1981; COHMAP, 1988; Crowley and
North, 1991). This general effect is also observed in the
Basin of Mexico, although less pronounced, as the water
level was already much lower. During the glacial maxi-
mum, Chalco apparently was characterized by a swamp or
pond with varying inflow water. The combined evidence
indicates that there were no lakes of large extension. In
Texcoco, towards the center of the Basin of Mexico, simi-
lar conditions were found (Lozano-Garcia, 1989). A ten-
dency to more arid conditions seems to have began carlier
in the Basin of Mexico. A review of the palacoclimatic
records from Central and South America suggests also
aridity in this region, as is shown by shallow lake levels
(Markgraf, 1993).

The Holocene is characterized by warmer and more
humid climate in the tropics, and increased evaporation in
mid-latitudes. In Chalco, pollen data suggest a subhumid
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climate, but in the local records (diatoms and subaquatic
vegetation) this is not observed. On the contrary, the inter-
pretation from these records are in terms of dry environ-
mental conditions at the beginning of the Holocene. Dis-
tinctions between early and mid-Holocene have some diffi-
culties taking into account the uncertainties. Holocene
records in the Basin of Mexico generally indicate human
activity, but in the diatom data it is possible to observe an
increment in lake levels suggesting humid climates in this
area.

Global climatic records indicate the occurrence of a
postglacial climate optimum at about 8,000 to 6,000 yr
B.P. Since about 6,800 yr B.P. there has been a tendency
of global cooling (e.g., Feng and Epstein, 1994). This trend
was particularly accelerated during the Little Ice Age be-
tween 1700 and 1900 A.D. Street-Perrot and Perrot (1990)
proposed that lake levels were high during the mid-
Holocene; however, this is not observed in the Chalco
records. Bradbury (1989) did not find evidence for high
lake levels after 7,000 yr B.P. Although, it is necessary to
obtain more records in the Basin of Mexico and in the cen-
tral part of the country to achieve a better picture of the
late Pleistocene palacoenvironmental changes in this lati-
tude, the Lake Chalco records offer new data that con-
tribute to the understanding of climatic changes in a high-
altitude subtropical region.

7.2. Palaeomagnetism

Geomagnetic palaeosecular variation for Lake Chalco
shows a pattern of declination and inclination swings char-
acteristic of lake sediment records in other latitudes.
Results for core D that provides the best data over the en-
tire depth (in terms of magnetic stability and vectorial
composition) are summarized versus the C-14 chronology
in Figures 11 and 12.

The intensity and susceptibility show similar patterns
of changes with an apparent cyclicity. Koenigsberger Q-
coefficients are generally lower than unity, in the range
from 0.04 to 6 (Figure 11). The pattern may be observed
by smoothing the series (e.g., Figure 12¢). The directional
variation pattern of the characteristic magnetization (sum-
marized in Figure 12a,b, after application of a six-point
running filter) shows several features in declination and in-
clination (identified by letters, Figure 12a,b). The inclina-
tion data vary around a mean value of around 32.9°, also
with an apparent cyclic pattern (Figure 12b). There are no
large swings in the inclination data as compared with those
present in the declination pattern (Figure 12a). The dipolar
inclination for the site is 35.3°, therefore the corresponding
mean inclination anomaly Al is -2.4°. This value is similar
to that determined for volcanic units from Sierra Chichi-
nautzin that covers the last period of Brunhes chron, esti-
mated in -3.1 degrees (Herrero-Bervera et al., 1986). The
inclination anomalies for Chalco lake sediments and Chi-
chinautzin volcanics are compared with data from other
localities in the world in terms of site latitude in Figure 13
(global data from Lund et al., 1985). The inclination
anomaly for the lacustrine sequence of Chalco (Figure 14)
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Fig. 11. NRM intensity, magnetic susceptibility and Koenigsberger Q-coefficient as a function of age for core D.

displays a marked peak at about 14,000 yr B.P. that corre-
lates with a declination swing.

The declination’record shows a marked. swing (feature
D; Figure 12a) of about 30 - 60 degrees for a time of
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around 5,000 - 6,000 yr B.P. This 'declination excursion’ is
also observed in the volcanic rocks record from units in the
Basin of Mexico and nearby Toluca Valley (Gonzilez-
Huesca, 1992) and may reflect a real feature of the
geomagnetic field during the recent time in the Holocene.
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All major features are present in both series of data with a declination anomaly early reported from the
(Figures 12 and 15). The feature identified as I (Figure sediments in Tlapacoya (Liddicoat et al., 1979, 1981).
12a) that shows at about 14,000 yr B.P. may correspond These correlations and any interpretation in terms of
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behaviour of the Earth's magnetic field should be con-

sidered as preliminary. Particularly in regard to possible
geomagnetic excursions and additional data from nearby

Al

parallel sections should be obtained to confirm the pattemns
of variation.

The frequency content of the directional and rock-
magnetic property data were analysed to estimate apparent
periodicities. Regular spacing interpolation was completed
by cubic splines approximation of the initial data referred
to the radiocarbon chronological sequence. The chosen
time interval is 32.5 yr, approximately corresponding to
the time differences between succesive samples. Spectral
analysis was carried out with the computer program of
Scherbaum and Johnson (1992) that offers options for e.g.,
low and high pass filters. Results are summarized in Fi-
gures 16, 17 and 18 for the intensity, declination and incli-
nation series for the characteristic magnetization observed
in core D (see Figures 11 and 12). Intensity data show
periodicities from 650 to 2,900 yr (Figure 16). Declination
data show similar dominant periods in the order of 850 to
2,900 yr (Figure 17). Inclination data present dominant pe-
riodicities in the range from 1,000 to 3,799 yr (Figure 18).
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