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THE BAHlA MEJILLONES SEDIMENTARY SYSTEM

A particular depositlonal environment. Mejillones bay (23°S) is a particular sedimentary system

along the coast off central-northern Chile. Its geographical situation, protected from the prevalent

southwestern winds, together with the presence in the vicinity of an important upwelling cell (Rodriguez et

aI., 1991; Marin et aI., 1993), that drives primary productivity processes specially intensified during the

spring, favour vertical deposition of biogenic debris, organic matter and some eolian lithogenic particles.

The result is the prevalence, generally at depths greater than 70 m, of hemipelagic sedimentation within the

bay. The exceptionally good preservation of the sediments, which is related to the prevalence of waters with

depleted concentrations of O2 (generally <0.1 mill below 50 m depth) (Escribano, 1998), gives to this

sedimentary record the potential for paleoclimatic and paleosismological studies at a high resolution time

scale.

Constraints for radiocarbon geochronology. The determination of a precise chronology from

radiocarbon data for recent coastal marine sedimentary sequences, presents some problems. In addition to

the methodological constraints due to variations in the production rate of 14C in the atmosphere trough time,

the "Suess Effect", the "Bomb Effect" and the difference between the 14C stock in the atmospheric and

oceanic reservoirs (Global Oceanic Reservoir Effect, "R ") (Stuiver et aI., 1998), local variations of the R

factor trough time (LlR) must be considered. In eastern boundary coastal areas, these variations result from

variations of the input, during strong upwelling events, of CO2 with depleted activity of 14C, from deeper

waters to the surface of the sea (e.g. Brown et aI., 1993). This type of processes hampers the determination

of a precise chronology from high resolution sedimentary records. In this communication, we show some

results and geochronological interpretations from 210Pb and 14C data, and we discuss the significance of

anomalous structural and textural features within the sedimentary sequence of Mejillones bay.

210Pb AND RADIOCARBON GEOCHRONOLOGY FROM CORE F981A

The core F981A was retrieved from the zone of maximal biogenic accumulation. After

corresponding assumptions, the application of the CF-CS (Constant Flux-Constant Sedimentation) model

from 210Pb results, the net mass accumulation rate calculated for the upper 10 cm of the core F981 A is W=
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3.24 ±O.18 g/cm2/IOO years (-+ Mean sedimentation rate ~R== 13.1 ±O.7 cm/lOO years). The application of

the CRS (Constant Rate of Supply) model gives a mean mass accumulation rate ofW=3.78 ±O.03 g/cm2/lOO

years (-+ Mean sedimentation rate ~R= 15.57 ±O.03 cm/lOO years), for the same segment.

Fig. 1. Situation of cores retrieved from the Mejillones bay, northern Chile. Bathymetric curves every 25 m.

CS 13C and C/N measurements on the organic fraction of the sediments samples from core F981 A,

clearly reflect the phytoplanktonic origin of the organic matter deposited in the bay. All the radiocarbon

measurements were made on this fraction of the sediment. 14C results from core F981A suggest that the

sudden increase of the conventional radiocarbon age is linked to sudden increases of ,jR in the Mejillones

system, most probably resulting from the intensification of the upwelling cell (Fig. 2). The anomalously low

value of the conventional radiocarbon age of the most superficial sample, suggests an input of 14C due to the

Bomb Effect.
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Fig. 2. Conventional radiocarbon ages and organic carbon content from the core F981A. The anomalous
increase of the radiocarbon ages at about 18 cm depth (black arrow, grey circles), is correlated with an
increase of the organic carbon content, that results from a primary productivity intensification, due to
intensified upwelling processes. The white circle shows the superficial sample affected by the Bomb Effect.

These considerations lead to exclude from the geochronological model the ages affected by an

increased ,jR and the age affected by the Bomb Effect. Using a linear regression for the remaining data, it is

possible to calculate a net mass accumulation rate ofW= 3.4 ±O.5 g/cm2/IOO years (-+ Mean sedimentation

rate -R= 16.7 ±2.2 cm/lOO years) for the whole core F981A. The accuracy and precision of the 210Pb and 14C

chronologies, are confirmed by the close values of W. This high value of W in the zone of the maximal

biogenic accumulation within the bay, makes possible high resolution paleoclimatic and paleosismological

reconstructions. Based on the extrapolated chronology from 210Pb data, and by using the Marine Calibration
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Curve for radiocarbon data (Stuiver et aI., 1998), we calculate a mean LlR= 262±13 years for the period

between 1730 AD and 1880 AD.

ON THE OCCURRENCE OF DISCONTINUITIES IN THE SEDIMENTARY SEQUENCE

The occurrence of anomalous features in the sedimentary sequence at Mejillones was reported in

previous works and assumed to be linked to a seismic event (Valdes, 1998; Ortlieb et aI., 2000). Ortlieb et al.

(2000) reported a slump between 46 cm and 57.5 cm depth in the core 23 (Fig. 3), which was correlated with

an angular unconformity also observed in several other cores. It was interpreted that such a strong seismic

event occurred about 1200 yrs RP. (uncalibrated). In cores 24 and 32C, the angular discontinuity was

observed at about 70 cm and 75 cm depth, respectively (Fig. 3).

(cm)
o

10

ts

20

2~

30

3'

40

.S

so

55

60

••
Dlsco/I/I/wi/)'..,

...
80

)418+1,50

lIS
IJJSJAD)

90
1928+(-110

ss (716AD/

100

24 .12C .J3C 23

Fig. 3. Anomalous structures and radiocarbon data from cores of Mejillones Bay. A discontinuity level
(black arrow and continuous line) observed in all the cores is interpreted as the result of a strong seismic
event. A second anomalous feature, which was observed in core 33C (white arrow), is interpreted as a
second event, that caused a hiatus estimated to encompass about 30 cm of the sedimentary sequence. This
second event is tentatively correlated with the slump observed in the core 23.

In the core 33C, this discontinuity is located at a 47.5 cm depth. It is associated with a slight change

in the geometric disposition of the layers, and with a lenticular anomalous deposit enriched in lithogenic

debris (visible in thin sections). Another anomalous lenticular deposit was observed several centimeters

above the angular discontinuity, suggesting the occurrence of a second event. Taking into account the

stratigraphic position of the discontinuity in the core 33C, with respect to the cores 24 and 32C, and the

presence of this second anomalous feature in the sequence, we interpret that the occurrence of this second

event was responsible for the disparition (erosion) of about 20-30 cm of sequence. As the angular

discontinuity was observed at a 60 cm depth in the core 23, we interpret that the slump is more probably

associated with this second seismic event than with the first one. Both lenticular deposits should result from

reworking of material from shallower areas of the basin. Therefore, after these detailed observations of the
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structure, the texture and the mineralogical composition of the sediments, we interpret that structures like

angular discontinuities, lenticular deposits enriched in lithogenic debris and slumps, can effectively be

associated to the occurrence of strong seismic events or tsunamis in the region.

The radiocarbon data avalaible for cores 24, 32C and 33C, after calibration using CalibA.3 (Stuiver

& Reimer, 1993) and taking into account a ,1R= 262 ±13 years, suggest that the first strong seismic event

occurred after 1400 AD, possibly between 1400 AD and 1450 AD, and that the second event occurred at

about 1700 AD, or before. For the two last major historical earthquakes in this region, in august 1868 and

may 1877, Kausel (1986) inferred magnituds of M,> 7 and Mw= 5, respectively. The observation from thin

sections of sequence in cores F981 A and 33C, did not reveal anomalous structural or textural features in the

upper sequence, especially in the upper half of the core 33e. This suggests that the two seismic (and/or

tsunami) events interpreted from the structural and textural anomalous features in the sedimentary series,

were probably more intense, at least in the region of the Mejillones bay, than Mw= 7.
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