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PALEOMAGNETISM OF CORED SEDIMENT FROM 
LAKEATITLAN, GUATEMALA: A PRELIMINARY STUDY1 

RESUMEN 

J.C. LIDDICOAT* 
C. R. DENHAM** 
C. K. PAULL*** 

Estudios de arcilla y limo de un micleo de perforaci6n (longitud de 4 m) proveniente de la cuen· 
ca profunda del Iago Atitlan, Guatemala, indican que estos sedimentos poseen una magnetiza· 
ci6n remanente de alta intensidad y cuya direcci6n es estable durante desmagnetizaci6n por 
campos magneticos alternos. Con objeto de evaluar las propiedades de los sedimentos en estu· 
dios de variaci6n secular, se utiliz6 un par de muestras de la profundidad de 263.5 cm y ocho 
muestras espaciadas entre los 276.4 y 282. 7 cm. La inclinaci6n media determinada en este es­
tudio es de 25.9°, la cual es cercana a la inclinaci6n dipolar axial (27. 7°) para el lugar. El por· 
tador de la magnetizaci6n remanente en los sedimentos es probablemente magnetita. 

ABSTRACT 

Clay and silt in a 4-meter piston core from the deep basin of Lake Atitlan possess a strong and 
stable remanent magnetization when subjected to alternating-field demagnetization. We used 
paired samples from 263.5 centimeters and eight closely spaced samples between 276.4 and 
282. 7 centimeters to assess the sediment for a study of paleomagnetic secular variation. Ave­
rage inclination of 25.9° is close to the inclination of an axial dipole field (27.7°), and magnet­
ite is the probable carrie~ of magnetization. 
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INTRODUCTION 

Sediment in caldera lakes in Central America is amenable to paleomagnetic inves­
tigation for several reasons - there is a rapid and presumably continuous supply in 
a deep-lake ( quiet-bottom) environment, magnetite derived from rocks of the en­
closing volcano produces a strong and stable remanent magnetization, and tephra 
layers are often preseived that allow correlation of sedimentary layers within the 
lake. Also, the tephra might be traced to historic volcanic eruptions or be dated 
otherwise. 

With those attractions in mind, we made a paleomagnetic investigation of cored 
sediment from Lake Atitlan in southwestern Guatemala (Fig. 1) to ascertain its 
potential for a study of paleosecular variation. If the strata could be dated accur­
ately, a follow-up investigation might provide data that augment archeomagnetic 
cuives for Mesoamerica (Wolfman, 1973) and perllaps elsewhere (Bucha, 1971; Ait­
ken, 1974; DuBois, 1975; Kovacheva, 1972; Kovacheva and Veljovich, 1977; Du-

Fig. 1. Location map of core 5 in Lake Atitlan, Guatemala. Bathymetry is from the lnstituto 
Geografico Nacional, Guatemala, C'. A., Mapa Hidrografico, Lago de Atitlan .. 
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Bois et al, 1981; Wei et al., 1981). Although a subsequent and more comprehen­
sive investigation has not been attempted by us, the preliminary data reported here­
in suggest that sediment in caldera lakes in the highlands of Guatemala is appro­
priate for a study of paleomagnetic secular variation. 

LAKE A TIT LAN AND SEDIMENT 

Lake Atitlan is in a steep-walled caldera of dimensions 19 by 21 kilometers and rim 
height of nearly 1700 meters. The lake is oval-shaped on an east-west axis and cov­
ers an area of about 25 square kilometers. Elevation at water level is 1562 meters 
and maximum water depth is 324 meters. 

In January 1979, seven piston cores having diameter of 3 .8 centimeters and length 
of 4 meters were taken in Lake Atitlan. The sites were selected after analysis of 
230 kilometers of seismic profiles. The profiles showed an upper transparent acous­
tic layer 20-meters thick covering a layer of flat-lying, laminated sediment at least 
175-meters thick in the deep basin (Newhall, 1980). The upper layer is formed of 
clay, silt, and diatomaceous sediment containing cinder and andesitic ash. Some of 
the cores have diatomaceous layers that are about 1 centimeter apart. 

The sediment in the deep basin is highly charged with gas, which we presume is 
biogenic methane. Because of the reduced confining pressure at the lake surface, 
the_ expanding gas forced the sediment out the end of the core barrel. As a result, 
some of the sediment developed gas-filled pockets up to 10-centimeters long, or 
small cracks; overall lengthening of the core was approximately IO percent. Al­
though this was common in most of the cores, the diatomaceous layers remained 
intact and horizontal, suggesting that homogeneization of the sediment did not occur. 

SAMPLES AND MEASUREMENT OF REMANENT MAGNETIZATION 

Inspection of the cores in August 1979 showed that Core 5 taken in 314 meters of 
water would be the best-suited for our purpose. We selected the inteival between 
263.5 and 282.7 centimeters for sampling because it appeared undisturbed. Be­
cause the sediment possesses a relatively strong remanence ( about 2.5 x 10-5 emu/cc; 
x 10-2 A/m) and measurement would be in a cryogenic magnetometer, only small 
samples were required. Furthermore, by taking small samples we were able to re­
strict sampling to the center of the core, thereby avoiding the edge that might be 
disturbed during coring. 

The samples are 1.2,cc cylinders (drinking straws 1.5-centimeters long) that were 
glued into 6.6-cc polythyrene boxes for insertion in the magnetometer. We took 
side-by-side samples at 263.5 centimeters and single samples at inteivals do~n the 
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Fig. 2. Paleomagnetic data after a.f. demagnetization at 200 oersteds for samples from Core 5, 
Lake Atitlan. Cylinders in the stratigraphic column indicate the position of the samples. 
Data for both samples from 263.5 centimeters are indicated. Declination is relative, and in­
clination of a geocentric axial dipole field is 27 .7°. Intensity is in emu/cc. 

core of approximately one centimeter below 276.4 centimeters (Fig. 2). All the 
samples have identical orientation, and azimuth is relative because no attempt was 
made to orient the core other than vertically. 

The samples were partially demagnetized in alternating fields at 200 oersteds 
(20 mTesla) or smaller increments to a peak field of 600 oersteds, and possess a 
characteristic direction of magnetization above 100 oersteds. For most samples, 
the remanence is ·reduced 10-fold at 600 oersteds, and the median destructive field 
is about 200 oersteds {Fig. 3). Magnetite is identified in large quantities (as much 
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Fig. 3. Vector plot of paleomagnctic directions during progressive a.f. demagnetization for sam­
ple #11 (282.7 centimeters depth). The median destructive field is about 200 oersteds. 
Numbers in the plot indicate the level of demagnetization in oersteds. Declination is relative. 

as 1.4 °lo of the total volume) in the sediment (C. C. Woo, written comm., 1981), 
which suggests that the dominant source of magnetization resides in that mineral. 
Although the sediment is rich in volcanic debris (Poppe et al., 1981), none of the 
samples are of a tephra layer. 

ANALYSIS OF PALEOMAGNETlC DATA 

A plot of the paleomagnctic data is shown in Fig. 2. Unfortunately, the~ data arc 

.. 
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insufficient for comparison with archeomagnetic data for Mesoamerica (Wolfman, 
1973). The average inclination of 25.9° is approximately 2° shallower than a cal­
culated 27.7° inclination for the geocentric axial dipole field for the site latitude 
(14.7°N). Even with the sparcity of data, we infer that the "inclination error" 
(King, 1955) that appears to be present in dry lake sediments (Denham and Cox, 
1971; Liddicoat, 1976; Liddicoat and Coe, 1979; Verosub et al., 1980) is absent. 
This is consistent, however, with findings for cored sediments in some present lakes 
(Banerjee et aL, 1979) and suggests that the magnetic vector results from post-depo­
sitional remanent magnetization (hving and Major, 1964). As such, there would 
be a time lag in the acquisition of remanence that we cannot document given the 
poor age control on the sediments. 

Estimates of the age of the sediment at 3-meters depth in Core 5 differ by a fac­
tor of 30. The youngest age is about 50 yrs B.P. and is based on a sedimentation 
rate of6 cm/yr (Dillon, 1980). The oldest age is perhaps 1500 yrs B.P. because pre­
classic Mayan pollen is present near the base of the core (E. Oeevey, per. comm., 
1980). That implies a sedimentation rate on the order of 0.2 cm/yr, but if the lay­
ering results from annual diatom blooms in the lake, the sedimentation rate could 
increase five-fold to 1 cm/yr. If we assume the faster rate is correct, then the 20-
centimeter portion we used spans only 20 years. Yet, the fluctuations of inclina­
tion and declination seem large for such an interval, and greatly exceed our estimat­
ed orientation error of ± 2°. An alternative interpretation is that the sediment is 
not accurately recording the paleomagnetic field, but the excellent match-up of 
directions for adjacent samples at 263.5 centimeters (Fig. 2) indicate otherwise. 

CONCLUSIONS 

1. Sediment in the deep basin of Lake Atitlan is suitable for a study of paleomag­
netic secular variation if gas-free cores are obtained. One could expect to obtain 
high-quality curves of paleomagnetic directions that would augment archeomag­
netic data for Central America. 

2. The apparent absence of "inclination error" and the presence of detrital (?) mag­
netite are indicative of magnetization by the process of post-depositional reman­
ent magnetization. Seismicity that is well documented for the region might be 
the mechanism that initiated realignment of the magnetic grains. 

3. With presently available chronologic information, we are unable to establish ac­
curately the rate of sedimentation. Certainly, the fluctuations in the paleomag­
netic field are- typical of a span of time longer than a few decades, so the sugges­
tion of a 6-centimeter annual accumulation rate appears incorrect. . 



J. C. Liddicoat et al. 269 

ACKNOWLEDGEMENTS 

We appreciate the assistance given us by W. Dillon, C. Newhall, S. Self, F. Jennings, 
and R. Hall. The agency of International Development of the U.S. Department of 
State funded the coring and seismic profiling during 1979 (Contract No. 0-9390-
53601). Lamont-Doherty Geological ObseIVatory Contribution 3286. 

BIBLIOGRAPHY 

AITKEN, M. J., 1974. Physics and Archaeology, Oxford University Press, 138-158. 
BANERJEE, S. K., S. P. LUND and S. LEVI, 1979. Geomagnetic record in Minne­

sota lake sediments - absence of the Gothenburg and Erieau excursions, Geo­
logy, 7, 588-591. 

BUCHA, V., 1971. Archaeomagnetic dating, in Michael H. N. and Ralph, E. K. 
(Eds.), Dating Techniques for the Archaeologists, MIT Press, 57-117. 

DENHAM, C. R. and A. COX, 1971. Evidence that the Laschamp polarity event 
did not occur 13,300 • 30,400 years ago, Earth Planet. Sci Lett., 13, 181-190. 

DILLON, W. P., 1980. Progress report on geophysical studies in caldera lakes and 
the Bahia de Amatique, Guatemala, Agency for International Development, U.S. 
Dept. of State, 1-33. 

DuBOIS, R. L., 1975. Secular variation in the southwestern United States as sug­
. gested by archeomagnetic studies, in Fisher, R. M. et al (Eds.), Proceedings of 
the Takesi Nagata Conf., Goddard Space Flight Center, Greenbelt, Md., 133-144. 

DuBOIS, R. L., T. S. HSUE, T. A. TULL and S. LEE, 1981. A comparison of an­
cient geomagnetic intensity in Mesoamerica with that of southwestern United 
States, EOS Trans. Am. Geophys. Union 62, 17, 272. 

IRVING, E. and A. MAJOR, 1964. Post-depositional detrital remanent magnetiza­
tion in a synthetic sediment, Sedimentology, 3, 135-143. 

KING, R. F., 1955. The remanent magnetization ofartificially deposited sediments, 
Mon. Notic. Roy. Astron. Soc. Geophys. Suppl, 7, 115-134. 

KOV ACHEV A, M., 1972. Upon the intensity of the ancient magnetic field during 
the last 2000 years in southeastern Europe, Earth Planet. Sci. Lett., 17, 199-206. 

KOV ACHEV A, M. and D. VEUOVICH, 1977. Geomagnetic field variations in 
southeastern Europe between 6500 and 100 years B.C., Earth Planet. Sci. Lett., 
37, 131-138. 

LIDDICOAT, J.C., 1976. A paleomagnetic study of late Quaternary dry lake de­
posits from the western United States and Basin of Mexico, Ph.D. diss., Univ. 
California, Santa Cruz, 466 p. 

LIDDICOAT, J. C. and R. S. COE, 1979. Mono Lake geomagnetic excursion, J. 
Geophys. Res., 84, 261-271. . 

NEWHALL, C. G., 1980. Geology of the Lake Atitlan area, Guatemala: a study of 



270 GEOFISICA INTERNACIONAL 

subduction zone volcanics and caldera formation, Ph. D. diss., Darmouth College, 
Hanover, N. H., 287 p. 

POPPE, L. J., C. K. PAULL and C. G. NEWHALL, 1981. X-ray mineralogy of 
cores from two Guatemalan caldera lakes, U. S. Geol. Survey Open-File Report 
(in prep.). 

VEROSUB, K. L., J. 0. DAVIS and S. VALASTRO, 1980. A paleomagnetic record 
from Pyramid Lake, Nevada, and its implications for proposed geomagnetic ex­
cursions, Earth Planet. Sci Lett., 49, 141-148. 

WEI, Q. Y., T. C. LI, G. Y. CHAO, W. S. CHANG and S. P. WANG, 1981. Secular 
variation of the direction of the ancient geomagnetic field for Loyang region, 
China, Phys. Earth Planet. Inter., 25, 107-112. 

WOLFMAN, D., 1973. A re-evaluation ofMesoamerican chronology: A. D. 1-1200, 
Ph. D. diss., Univ. Colorado, Boulder. 

(Received Sept. 2, 1981) 
( Accepted Feb. 22, 1982) 


	1.tif
	2.tif
	3.tif
	4.tif
	5.tif
	6.tif
	7.tif
	8.tif

