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TITLE:

LACUSTRINE DEPOSITS IN THE UPPER CRETACEOUS SHENDI
FORMATION, CENTRAL SUDAN

NAME:

Osman Mahmoud Abdullatif

ADDRESS:

Department of Geology, University of Khartoum, Sudan

The Shendi Formation of central Sudan consists of fluvial and lacustrine deposits.
A probably lacustrine facies is well developed at the lower part of the sequence. These
Jacustrine deposits, here designated the lower member, consists predominantly of light to
dark grey bentonitic mudstone interbedded with subordinate siltstone and sandstone facies.
The fluvial, upper member of Shencli Formation, consists of stacked fining upward
sequences, which commence with scoured bases covered with pebbly basal lag, then
followed mainly by tabular cross-bedded sandstone facies. The sequences arc topped by
laminated to massive mudstone facies, sometimes occur as mud drapes. The paleocurrcnt
directions are dominated by NNE and N directions, suggesting mainly SSW source areas.
The fluvial member was likely deposited in low sinuosity streams, within channels, bars
and overbank and flood plains subenvironments.
The sequence of Shendi Formation, from the lower to the upper member. shows a
coarsening and thickening upward sequence. This sequence represents the gradual
progradation of fluvial channel system into the lakes and the gradual change from internal
to external drainage. The lacustrine deposits of Shendi Formation were apparently shallow,
of limited lateral extent and they grade into fluvial facies both vertically and laterally. The
clay mineralogy and geochemistry indicates that the lake water were alkaline.
The sand-rich fluvial system, the kaolin, ironstones and the paleomicroflora testify
to humid climatic conditions interrupted by dry periods during the deposition of Shencli
Formation. The climate favoured lateritic weathering and activated hydrolytic processes
which led to preferential chemical leaching, evacuation and enrichment of certain chemical
elements in the proximal fluvial and distal lacustrine environments.
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ABSTRACT
TITLE

FRESHWATER GASTROPODS IN A HARDWATER

LAKE OF LATE WEICHSELIAN AND FLANDRIAN AGE.
NAME:

Christian Hans Abildtrup.

ADD~:

Geological Institute, Department of Historical geology and
Paleontology, University of Copenhagen, Denmark.

A revised model for interpreting freshwater gastropods in temperate hardwater lakes
is presented. On the basis of paleobiological and sedimentological studies, the
development of the Late Weichselian and Aandrian deposits in the Amose Basin are
investigated.
In its early stages the basin developed from an extramarginal meltwater plain to a
elastic dominated glaciolacustrine lake basin in which the Late Glacial Interstadial
Aller(!ki and the Younger Dryas cold phase are recorded. In the Preboreal period the
sedimentation changed to primarily carbonate rich organic deposits. During the
Preboreal, Boreal and the Atlantic periods a number of lake level adjustments are
recorded. The freshwater gastropods are used as paleobiological indicators. showing
changes in the lake level and in the type and distribution of littoral and profundal
habitats in the lake.
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TITLE:

WGB FREQUENCY SEDIMENTARY CYCLES IN PLIOCENE
SHALLOW LACUSTRINE DEPOSITS (GUADIX-BAZA BASIN,
SOUTHERN SPAIN)•

NAME:

GARCIA AGUJLAR, JOSE MANUEL

ADDRESS:

Dpto.Est~tigratta

y Paleontologia. Universidad de Granada. 18002-Spain

The Guadix-Baza neogene sedimentary basin covers the contact between both external
and internal zones of the Bede Cordillera (Alpine-type chain). The post-tectonic record
for this basin shows a middle-pliocene marly unit in the Eastern sector, with 125 Janl of
extension and about 300 m. of tbicknesL The stratigraphic sequence for this formation
shows three units: 1-grey massive marls at the bottom, 2-marls-evaporites (gypsum) high
frequency rhythmites, and 3-silts-sandstones high freque.ncy rhythmites at the top of
sequence. A large spectral analysis was made for the second unit by CYSTRATI
software (Pardo et aL 1994), showing a range of main power spectra peaks of 19, 1.8, 0.4
and 0.2 ka. for marls-gypsum cycles in relation with diferent thicknesses. AU this
frequencies are interpreted by Einsele el aL (1991) like precession index (Milankovitch's
band) for 19 ka. cycles, lunar paralactic tides for 1.8 ka. cycles, and sunspots-Cl4rainfall cycles for 0.2-0.4 ka. cycles. The two last kinds of cycles are quite unknown at
the fossil record and prove a paleoclimatic high-frequency control for the sedimentation
of marls-gypsum cycles in Guadix-Baza basin for most of the pliocene.
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REFERENCES
-Einsele, G. et aL (Eds) 1991. Cycles and events in stratigraphy. Springer-Verlag.
-Pardo, E. et al. 1994. Cystrati: a computer program for spectral analysis of
stratigraphic successions. Computer & Geosciences. 20 n° 4: 511-584.
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TITLE:

PLEISTOCENE TRAVERTINE FACIES ASSOCIATED
TO HYDROTHERMAL LACUSTRINE MICROSYSTEMS
(GUADIX-BAZA BASIN, SOUTHERN SPAIN).

NAME:

GARCIA AGUILAR, JOSE MANUEL

ADDRESS: Dpto.Estratigrafia y Paleontologia. Universidad de Granada. 18002-Spain
The Guadix-Baza neogene sedimentary basin covers the contact between both external
and internal zones of the Betic Cordillera (Alpine-type chain). This basin shows diverse
lacustrine sedimentary systems from late miocene to pleistocene, with a total thickness of
about 500 m. and dominat marly-chalks facies. This basin encloses a complex tectonic
pattern form N60E and N160E faults, with a master N60E fault longer than 500 km
(Cadiz-Alicante Fault). This one, controls the actual appearance in the basin of five
hydrothermal sources along its trace. The hydrochemistry analysis for these sources is
the foUowing (average values, data from Diputacion de Granada, 1990):
Temp. Discharge
Ca++ M&++ Na+
JC"" BCOf S04• a- SiDJ
21.2•c
130 U1
13.6
5.7
8.4
0.2
4.1
14.4
8.8 13.8
_ _ _Values of Ions in meqn,__ _ _ _ _ _ _ _ _ _ _ _ _ __

A sistematic association with these hydrothermal sources is the appearance of some subRecent travertine buildings with thickness between l and 15 m., low lateral extension
and discordance with upper pleistocene facies. These travertines consist of macrovegetal
biotas (Jllllcus sp., Lluula sp.), with roUing radial growth of brown CaC03• ActuaUy, the
hydrothermal sources don•t show macrovegetal biotas, due basically to a low discharge,.
that doesn't aUow a stable minimun level of water. Nevertheless, the existence of ancient
travertine fades prove the virtual stablishment in the last 50 ka. of lacustrine
microsystems (extension about 100 to 2000 ml) fed from the hydrothermal sources with
discharges greatest than the present ones, but in a similar position.
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TITLE:

DIATOM STRATIGRAPHY AND FRUSTULE-DISSOLUTION IN
VARVED SEDIMENTS OF LAKE "AMMERSE'', (BAVARIA,
GERMANY).

NAME:

Joachim Alefs and Jens Milller

ADDRESS:

Technische Universitiit Milnchen. Lehrstuhl ftir Allgemeine Angewandte
und Ingenieur-Geologie, Lichtenbergstr. 4, D-85747 Garching

Yearly changes in the diatom association since 1958 were investigated in a core
from the profundal area of lake "Ammersee", dated by counting varves in thin sections.
Combining the preserved diatom assemblage with the trophic state of the lake and the total
phosphorus concentration as measured in the epilimnion since 1980 showed, that
Fragilaria crotonensis and Tabellaria jlocculosa were fostered during the onset of
eutrophication in the 50ies. These species and Stephanodiscus minutulus were thee
dominant diatoms in the transition period from meso- to eurrophic conditions. During the
maximum mutrient loading in the 70ies S. parvus, S. neoastraea and Aulacoseira islandica
are strongly representated in spring and A. granulata in the autumn period. The genus
Cyclotella is absent during these years and reappears since 1985 due to oligotrophication.
Sapropel formation occurred in the beginning of the 60ies, between 1972 and 1978 and
1990/91.
Beyond a sediment depth of 17 cm a considerable amount of diatom valves show
corrosion phenomena under the scanning electron microscope, although an alkaline milieu
{pH>9), which is normally demanded for dissolution of amorphous silica, couldnot be
measured in the core. So a SEM-analysis of the dissolution patterns was carried out with
following results:
1) there is no continuous increase of dissolution with sediment depth
2) there is no homogenous degree of corrosion of frustales from the same sample depth
3) benthic diatom species from the litoral area are commonly less corroded than planctonic
species
4) differentiation can be made between surface corrosion, affecting "greater11 areas of the
valve and structure dissolution, damaging only morphological frustale structures as for
instance areolae.
The dissolution of silica from diatom valves is assumed to be influenced by
organic acids, produced during microbial decomposition of organic material (BENNETT
1991) and the capability of clay minerals to absorb dissolved silica from pore water
(SIEVER & WOODFORD 1973).
Bennett, P.C. (1991): Quartz dissolution in organic-rich aqueous systems. Geochim.
Cosmochim. Acta., 55, 1781-1797.
Siever, R. & Woodform, N. (1973): Sorption of silica by clay minerals. Geochim.
Cosmochim. Acta., 37, 1851-1880.
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TITLE:

Time series analysis of lacustrine deposits based on
Natural gamma- ray spectrometry and lamina thickness ••
the example of Devonian lakes, Orcadian Basin,
Northern Scotland.

NAME:

S. ALT, W. ARZ, & R. GAUPP

AD RESS:

Institut fiir Geowissenschaften, Universitit Mainz,
Germany

The Middle Devonian of the Orcadian Basin in Northern Scotland has long been known
for its cyclic lacustrine deposits. The coastlines of Caithness and Orkney Mainland
provide excellent exposures of mainly lacustrine sediments with varying cycle
thicknesses. The total range of thicknesses of the cycles investigated is between 3,5 and
13m. Cycles show various gradations from ephemeral to perennial lake conditions. The
objectives of this study were, (1) to detect superimposed cyclic changes and (2) to
estimate time interval lengths and accumulation rates of different cycle types.
Ten stratigraphic profiles were selected for detail1cd sedimentological logging (414m,
scale 1:10) from lacustrine successions of the Middle Old Red Sandstone with an apparent
minimum of abrupt sedimentary discontinuities. Natural gamma-ray spectrometric (NOS)
measurements were carried out with a hand-held spectrometer and 0,05m sampling
distance in 3 profiles (total length 97m). Samples from carbonate/clastic/orgamc laminites
were microscopically analysed with thin sections and peels to define intervals of likely
annual (varve type) lamination.
Tune series analyses on continuous NOS data sets by means of Fast Fourier Transform
and Maximum Entropy methods reveal, that orbital forcing of climate was a major factor
controlling lacustrine cyclic sedimentation as stated earlier by e.g. ASTIN (1990) and

ROGERS & ASTIN (1991). Both excentticity and precession periods are detectable from
NOS data, whereas the "macroscopic" stratigraphic evolution is dominated either by the
excentricity or precession cycles.
Long-term accumulation rates within excentricity controlled cycles range between 110 and
120 mm/Ka. within precession controlled cycles they are about 250 mm/Ka.
Thin intervals up to 0.25m from black fish beds, deposited during lacustrine highstand

periods, show a very fine regular carbonate/elastic/organic lamination which is most
probably of saisonal (annual) origin. With average lamina thicknesses the shon term
higbstand accumulation rates can be estimated to app. 550 mm/Ka. Maximum Entropy
analysis of lamina thickness data sets reveals cycles of 12la, 22 to 25a, and 10,5 to 13.5a
particularly well expressed in carbonatic varve successions.

There seems to be an extreme amplitude of facies changes in time intervals, that are
transitional between more arid periods and times of humid conditions.

II

References:
ASTIN, T.R. (1990): The Devonian Lacusuine Sediments of Orkney, Sc:ocland; Implications for Climate
Cyclicity, Bain Structure and Maturation History.- J. GeoL Soc. London. 147, pp 141-151.
ROGERS, D.A: & ASTIN, T.R. (1991): Epbemcral I.aka, Mud Pellet Dunes and Windblown Sand and Silt
Reinterpretations of Devonian Lacultrine Cycles in North Scotland.- Spec. Puhl. lnL Assoc. SedimenL, 13, pp
199-221.
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TITLE:

THE UPPER MIOCENE LACUSTRINE SYSTEM OF THE BICORB
BASIN (SPAIN)

NAME:

P. Anad6n 1, F. Robles:?, E. Roca3, R. Utrilla1 and A. Vasquez1

ADDRESS:

1) Inst. Earth Sciences "J. Almera", CSIC. 08028 Barcelona; 2) Dept.
Geologia, Univ. Valencia; 3) Dept. GDGP, Fae. Geologia, Univ. de
Barcelona. Spain.

The Miocene Bicorb Basin (Eastern Spain) is a small (14 km2), ENE-WSW elongated
basin developed by faulting of a thick Jurassic-Cretaceous carbonate succession and
subsequent diapirism of Upper Triassic mudstones and evaporites. The Miocene basin fill
comprises a sequence over 650 m thick fonned by two units. The lower unit was mainly
formed in alluvial environments, whereas the upper unit originated in a lacustrine-alluvial
complex. The lower unit (400 m thick) consists of a complex alternation of conglomerates,
mudstones, sandstones, and minor lacusttine limestones. The limestone intervals, up to 8 m
thick, are mainly composed of calcifications of charophyte stalks. Lacustrinc pulmonates
(Planorbidae and Lymnacidae) are JRSent and sparse hydrobids also occur. Land pulmonates
are absent. The palaeoecological and sedimentological data indicate freshwater to slightly
brackish(< 5%o), shallow lacusttine environments dominated by Charophyte meadows and
poorly developed palustrine fringes. The upper unit displays a complex facies arrangement.
In the centtal part of the basin, this unit is fonned by lacustrine deposits which pass laterally
towards the NE and SW edges of the basin into dettital-dominated facies. The lower part of
this unit comprises a transitional fluvial-lacustrine interval of grey and red mudstones and
sandstones, which is overlain by a sequence of mudstones, limestones, dolostones, gypsum and
oil shales. The gypsum beds are integrated by elastic and selenitic facies, intrabasinal and
primary in origin. The middle part of the lacustrine succession comprises cyclical sequences
of peloidal dolomitic limestones and mudstones, which alternate with varve-like rhythmites
(aragonite/calcite - clay couplets) and oil shales. Slump structures are frequent. To the SW,
the shales and Iacustrine carbonates alternate with pebbly sandstones and conglomerates which
originated as mass flow deposits in a fan delta. The proximal fan delta sequences are fonned
by massive coarse conglomerates which display NW to W provenances. To the NE, the
lacustrine mudstones grade to an alternation of cross-bedded sandstones and mudstones
deposited in an deltaic setting. The paleocurrents indicate a NE to SE supply in this edge of
the basin. The upper lacustrine deposits mainly consist of thin bedded limestones with
abundant gastropods, up to 100 m thick. They are present across the basin and, close to its
margins, pass laterally to breccias and conglomerates. Monospecific concentrations of hydrobid
gastropods, which reflect palaeobiocenosis, are frequent in the middle and upper parts of the
lacustrine sequence. They suggest environmental stressed conditions linked to changes in
salinity. Beds with a more diverse mollusc fauna indicate that periods of water concentration
alternated with intervals of dilution.
During some stages of the lacusttine system evolution coeval diapiric extrusions are
recorded by the synchronous deposition of abundant dettital quartz and gypsum from recycling
of Keuper materials. Gypsum beds were deposited in the lacustrine system when the saline
inflows were concentrated due to negative hydrologic balances.
Calcite, dolomite. and abundant aragonite are JRSent in the lacustrine facies of the
upper unit. The S13C and S110 plots of monomineral samples display different clusters that are
related to carbonate mineralogy. Isotopic and mineralogical data suggest strong changes in the
lake-water concentration and in the hydrology of the lake over time. The covariant trend for
calcium carbonate isotopes indicates that the lake was closed during most of its history.
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TITLE:

HYDROGEN INDEX (Ill) AND ITS RELIABILITY
CHARACTERISING LACUSTRINE SEDIMENTED ORGANIC
MATrER: A WATER COLUMN/SEDIMENT COMPARISON.

NAME:

Daniel Ariztegui & Judith A. McKenzie

ADDRESS:

Geologisches lnstitut, ETH Zentrmn, 8092 Zilrich, Switzerland

Similar to marine geology, limnogeology is the study of complex systems and their
interactions. However, one of the advantages of lake studies is that despite their complexity,
many of the factors that control the geochemical and biological cycles that occur in the water
column and in the sediments can be closely monitored and evaluated. 1be study of organic
geochemical cycles in eutrophic lakes, in particular, provides us with actualistic models that
aid in evaluating the different biological, chemical and physical factors controlling the
organic matter types preserved in the sediments.
Several bulk parameters have been used to characterise the sedimented organic matter. They
all attempt to separate the different sources of the organic fraction, detennine depositional
environment, and evaluate the degree of biological and diagenetic alteration. The carbon
isotope composition of the organic matter, carbon/nitrogen ratios and the hydrogen index (HI)
obtained by Rock..Eval• pyrolysis are the most frequently used among these. They all,
however, share the problem that their variations can be the result of different and/or a
combination of factors. Previous lacustrine studies, for example, have emphasised to varying
degrees the relative imponancc of source and diagenctic factors on HI values, an indirect
estimate of the atomic H/C ratios of the kerogen component (i.e. organic matter type).
Lake Greifen and Lake SLMoritz, located respectively in the perialpine and alpine areas of

I

~

IJ
IQ

II

Switt.erland, have both become severely eutrophic over the past 100 years due to increased
nutrient loading. Both lakes have high rates of productivity and are seasonally stratified.
Major differences between the two lakes are the biological assemblages (blue..green
algaeJdiatoms for Lake Oreifen and diatoms/dinotlagcllates for Lake St.Moritz), the extent
and duration of anoxia in the water column (more extreme and longer in Lake Greifen), and
the maximum surface..water temperature (23 °C in Lake Greifen vs. lS °C in Lake SLMoritz).
For the most recent times, Lake Greifen has organic matter with higher hydrogen index (HI)
values (-800 vs. 450 mg Hc/g org.C) than Lake SLMoritz. The increasing eutrophication in
Lake Greifen corresponds to an increase in the HI values that rises from around 400 to almost
600 Hc/g org.C and reaches 900 mg Hc/g org.C with the maximum eutrophication.
Similar trends are observed for Lake St.Moritz. The increasing trend in HI also follow the
onset of the anthropogenic eutrophication. However, prior to eutrophication, the HI had an
average value of 250, whereas, during times of maximum organic matter production, the
value increased to 490 mg Hc/g org.C. According to these data. the organic matter produced
in lakes at times of well-documented high productivity should be classified as type I
(lacustrine) for Lake Greifen and type D (marine) for Lake St.Moritz. Petrologic and organic
geochemical analyses of sediments from both lakes indicate that the organic matter is >95%
amorphous (i.e., aquatic+ microbial sources), while terrestrial inputs are less than <5%.
Thus, the occunence of type D organic matter in lacustrine systems as in Lake SLMoritz
cannot be explained simply by a mixing of algal and terrestrial sources. Based on the results
of a combined water-column and sediment study, we proeose that the variability in the quality
or type of the organic matter may be controlled by the biological source(s), anoxia/microbial
contribution, and/or water temperatures.
This combination of biological, chemical and physical controls on the quality of lacustrine
organic matter has consequences for interpreting organic matter enrichment and associated
environmental signals in other lacustrine and marine sedimentary sequences of different ages.
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TITLE:

POST-YOUNGER DRYAS CLIMATIC RECONSTRUCTION FROM
LAKES IN THE CANADIAN ROCKY MOUNTAINS AND
FOOTHil.LS

NAME:

Brandon Beierle and Derald G. Smith

ADDRESS:

Department of Geography, University of Calgary, Calgary, Alberta T2N
1N4, Canada

The Younger Dryas climatic interval is suggested to have begun and ended in a matter of a
few years, with a duration of perhaps 1000 years. From lake bed cores the post-Younger Dryas
climatic interval is characterized by a rapid increase in temperature and/or a decrease in
precipitation. In the foothills and Rocky Mountains of Albena, Canada. cores were collected from
20 lakes, using both a vibracoring system and the Reasoner-type percussion coring system.
Geochemical and sedimentological analysis of these cores show the Younger Dryas/early Holocene
warm period boundary to be characterized by a dramatic shift in sedimcntology; this is expressed in
tenns of both grain size decrease and increased organic carbon content. as well as decreased overall
sedimentation rates. Many peat or marl facies are stratigraphically coeval with the climatic shift.
which is also associated with greater plant and faunal macrofossil diversity and quantity.
Radiocarbon dates of 10,100 ybp have been associated with this change in climate.
Scdimentological evidence suggests changing water levels in glacially-fed lakes associated with
drastic retreat or perhaps complete disappearance of mountain glaciers shortly after the Younger
Dryas maximum advance. Tennination of the early Holocene warm period was gradual. beginning
at about 6000 ybp, grading into the ncoglacial period and modem times.
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CLIMATIC CHANGE AND SEQUENCE STRATIGRAPHY IN THE
QUATERNARY LACUSTRINE DEPOSITS OF THE MAIN
ETIIlOPIAN RIFT

NAME:

M. Benvenuti, M. Sagri and D. Ventra

ADDRESS:

Dip. Scienze della Terra, Universita di Firenze, Italy

Sequence stratigraphic concepts, as base-level and accomodation space are applicable to either
marine and continental settings (Shanley & McCabe, 1994). Variation in accomodation space,
base-level and sediment supply in interior basins is related to tectonism and climate. Basins
having an internal drainage with large lacustrine systems, are suitable sites to investigate both
long and short term climatic variations.
New data are here presented on the Late Pleistocene and Holocene of the lakes Ziway, Abiya~
Langano and Shala in the Main Ethiopian Rift. Previous studies show that, although the
Ethiopian Rift was affected by active tectonism and volcanism, sedimentation in the lacustrine
systems was controlled mainly by climate. Holocene climatic oscillations, following to the
climatic optimum, forced lake level variations causing recurrent changes in the accomodation
space. The lake levels acted as the ultimate base levels for the internal drainage network and
their climate-induced fluctuations were critical for the environmental evolution.
Radiocarbon datings allow to calibrate several climatic phases starting from 12,000 years B.P
(Gillespie et al., 1983). The progressive drying up of the lakes has been punctuated by short
periods of rising level related to humid climatic conditions during which the lakes became
united. These fluctuations are evidenced by several paleo-shorelines and lacustrine terraces.
Climatic events related to altemances of humid/dry phases occurred throughout the Holocene
with lOl-102 years recurrences (Gillespie et al., 1983; Bonnefille et al., 1986; Bonnefille &
Mohammed, 1994).
The present study, supported by European Community funds, is devoted to the Holocene
depositional dynamic of these lakes. Facies analysis and geomorphic interpretation allow ~o
recognize the lateral shifting of the depositional systems (shoreline, deltaic and marginal
lacustrine systems) controlled by base-level changes
Thank to good outcrop conditions, small scale depositional sequences (SSDS) can be recognized
on the base of detailed facies analysis. These SSDS can be related to secular fluctuations of baselevel forced by climate changes.
Sequences outcropping in the eastern and southern sides of the Shala Lake, 1 to 5 m thick, are
composed of basal regressive deposits resting on top of older transgressive or highstand
lacustrine sediments through an erosive surface. Regressive facies are represented by fluvial,
alluvial or colluvial silty to gravelly deposits. Transgressive facies consist of lacustrine fines or
backstepping shoreface sands. Highstand deposits consist of progradational deltaic or shoreline
sands and gravels. Volcanoclastic sediments interbedded with lacustrine deposits and
deformative structures (slumps, water-escape structures) testify tectono-volcanic activity during
the development of SSDS.
References
- Bonnefille R. & Mohammed M. U. (1994) - Pal., Pal., Pal., 109. 331-334.
- Bonnefille R., Robert C., Delibrias G., Elenga C., Herbin J.P., Lezine A.M., Perinet G. &
Tiercelin J.J. ( 1986)- Geol. Soc. Spec. Pubbl., 25, 253-265.
- Gillespie R. Street-Perrot A.F. & Switsur R. (1983)- Nature, 306, 680-683.
- Shanley K.W. & McCabe P.J. (1994)-AAPG Bull. 78, SS4-S68
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TITLE:

OXYGEN ISOTOPE GEOCHEMISTRY OF EPILIMNETIC
CALCITE: A SEDIMENT TRAP STUDY OF THE ANNUAL
PRODUCTIVITY CYCLE IN LAKE LUGANO, SWITZERLAND.

NAME:

Stefano M. Bernasconi, Alberto Barbieri* and Marco Simona*

ADDRESS:

Geologisches lnstitut, ETB-Zentrum, 8055 Ziirich, Switzerland
Laboratorio Studi Ambientali, 6900 Lagana-Paradiso, Switzerland

The oxygen isotopic composition of lacustrine carbonates has been widely used as a monitor
for past climatic changes and, more recently, to postulate changes in paleo-atmospheric
circulation. The accuracy of the isotopic composition of lacustrine carbonates as
environmental monitor, however, is not well established because the basic assumption that
carbonate precipitation in lakes occurs in isotopic equilibrium with the water may not
always be correcL In fact, laboratory studies have shown that large isotopic fractionations
can occur in response to the kinetics of carbonate precipitation. In addition, the oxygen
isotopic composition of carbonates, which is related to the temperature and isotopic
composition of the water, is dependent on the time of the year and on the water depth at
which precipitation occur. Changes in algal population dynamics due to changing nutrient
levels could cause seasonal and/or water depth shifts during the period of main productivity
and, as a consequence changes the temperature at wich co-precipitating calcite forms. The
resultant change in isotope signals would in this case reflect a shift in trophic state of the
lake rather than climatic change. We present results from a study of the yearly cycle in Lake
Lugano which we conducted during 1993 and 1994. The sampling program included
biweekly sediment trap collection and sampling of water for the determination of 818Q and
monthly measurements of profiles of 813C of dissolved inorganic carbon (DIC) and physical
and chemical parameters in the water column. The scope of our investigation was to
quantify the production and dissolution of calcite during an annual cycle and determine if
epilimnetic calcite is formed in isotopic equilibrium with the surface waters. Moreover,
because a large climatic, chemical and biological data base is available for the past 10
years, we propose to accurately calibrate the sedimentary record of the past 10 years to
evaluate how the isotopic signal is transferred to the sediments.
Lake Lugano is located south of the Alps at the border between Switzerland and Italy. It lies

in a valley which was formed during the Tertiary by tluvial erosion and reached the present
morphology as a result of Pleistocene glacial activity. The lake is divided in two main basins
by a frontal moraine on which an artificial dam was built in 1844. Our study concentrates on
the southern basin of Lake Lugano which has a catchment area of 269.7 Km2, a volume of
1.14 kJD3, a maximum depth of 95 m and a mean water residence time of 1.4 years .
Because of the relatively short residence time the climatic signal stored in the sediment
should reflect relatively fast climatic changes.
The results of this study show that over 82% of the carbonate in Lake Lugano is formed
between mid-June and the end of August, and that over 65% of the carbonate is re-dissolved
in the water column before it reaches the bottom. Calculations based on the oxygen isotope
composition of water, carbonate and temperature show that carbonate precipitation occurs in
isotopic equilibrium with the water and that the isotopic composition of epilimnetic
carbonates in lake Lugano quite closely reflects average summer temperatures of the water.
The important carbonate re-dissolution in the water column does not significantly alter the
isotopic composition of the carbonate. We, therefore, conclude that isotopic composition of
epilimnetic calcites can be used to reconstruct past climate changes this eutrophic lake.
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Late Holocene palaeoclimatic records from lake sediments on James Ross Island>
Antarctica
Svante Bjorck11, Siv Olssonb, Cynan Ellis-Evans', Hannelore HAkanssonb, Ole Humlum", Juan
Manuel de Lirioe
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Using a multistratigraphic approach on lake sediments from several lakes/ponds in the
northern, ice·free parts of James Ross Island, Antarctica, it is shown that these combined
records reveal a fairly detailed picture of the climatic development during the last 5000 years.
The sediment profiles were analysed with respect to lithology, geomagnetic properties,
chemistry, mineralogy, diatom content, Branchinecta egg frequencies and evaluated using
multivariate statistical techniques. Attempts to radiocarbon date the sediments were partly
successful and together with previously published 14C dates it was possible to date the
palaeoenvironmental and palaeohydrological changes, identified by the stratigraphic studies.
In combination with glacial geological studies we can conclude that the local glacier in the
Brandy Bay area began to retreat rapidly just before 5000 BP. This was most likely caused
by a combination of calving and arid, cold conditions, which starved the glacier. When the
glacier's melt·water influence had ceased in one of the ponds studied, the dry conditions
caused gypsum and other salts to form in the lake bed. At or slighdy before 4200 BP climate
changed into significandy more humid (and warm) conditions and this pond turned into a
fairly rich aquatic environment with for example a variety of diatom species and a crustacean,
Branchinecta gaini, feeding on benthic cyanobacterial mats. During this humid period, 4200·
3000 BP, the Brandy Bay glacier probably advanced, but this advance was interrupted by
subsequent arid conditions. During this phase the study area became almost completely devoid
of glaciers and slighdy after deglaciation, when the glacial influence had ceased, formerly
rather large lakes turned into small enclosed, fairly rich, brackish water bodies containing B.
gaini. These arid and fairly cold conditions lasted 1500·2000 years. Around 1200 BP these
aquatic systems expanded again and the water became less brackish as a result of glacier
expansions and increased snow accumulation in the water sheds of the lakes. Increased
deposition of mineral matter, connected with increased melt-water inflow, probably ended the
presence of Branchinecta on James Ross Island. We regard this last climatic phase, up to
modem time, as a period of increased humidity and warmth compared to the previous period,
but less warm/humid than the seemingly climatic optimum between arowid 4200 and 3000 BP.
It is shown that correlations between records in Antarctica and sub·Antarctica may be difficult,
partly due to the scattered occurrences of detailed, well·dated sequences and partly because
of interpretation problems. By tentative correlations to other Antarctic Holocene studies it is,
however, suggested that the climatic optimum may have been of circumpolar significance and
that the climatic oscillations on James Ross Island reflect oscillations in the strength of the
anticyclonic stormtracks and high pressure cell of the inland ice sheet, respectively.
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The sediments in maar lakes are protected from erosion by their deep setting within the
surrounding landscape. So they are an important source for the paleoenvironmental
reconstruction of a continental area, where other geological information is rare. Surficial
mapping and shallow drilling inside a Quaternary or Tertiary dry maar yields qualitative
information about the lake sediments. Only in a few dry maars the drillings reach the base of
the lake sediments.
A quantitative basin analysis can be achieved by means of geophysical studies. Seismic studies
require a coastly equipment and data processing due to the bad seismic characteristics of lake
sediments. Magnetics allow to determine the surface extension of fine-grained lake sediments
(low susceptibility) and the surrounding coarse-grained elastic sediments (generally high
susceptibility). Geoelectrical measurements are helpful to identify the uppermost part of lake
sediments (low resistivity).

Lake sediments have a lower density than the surrounding country rocks. So they produce a
negative mass anomaly that can be detected by gravity surveys. Density measurements of lake
sediments generally show values between 1.3 and 2.2 g/ectn, whereas the country rocks have
densities of 2.4 or more.

II
II

Gravity studies require a portable gravimeter and an accurate topographic survey. The data
processing can be done on PC using geodetic and gravity software. Afterwards the shape of
the fine- and coarse-grained lake sediments and of the underlying diatreme can be modelled.
Because of the circular shape of maars it is possible to use JD-circular disks representing parts
of the lake sediment body.

'

Finally, geophysical methods are extremely useful to achieve two things. First, gravity studies
in combination with magnetics allow the detection of dry maars and diatremes in regions,
where outcrops of lake sediments are lacking. Second, it is possible to give a borehole location
optimation for hydrogeological (coarse marginal facies) or scientific drillings (central facies).

II

Gravity studies have already been used successfully in volcanic regions of Central Europe. In
the Eifel region a lot of Quaternary dry maars and Tertiary maar fillings were found and
investigated with this method. Many diatremes in the deeply eroded High Eifel Volcanic field
could be found .
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Of some 2,300 lakes in Romania, most of which fresh, only 90 are saline (TDS >
3 g.L" 1). Forty of these saline lakes contain unctuous, black and/or grey organic muds, at
least 1-2 cm thick (pelogenous lakes); in other saline lakes, the bottom unctuous, organic
muds are replaced by sands± gravels. silts or clays (non-pelogenous lakes).
There were investigated 34 saline, pelogenous and non-pelogenous lakes which
belong to 10 limnogenetic types and subtypes: lakes of abandoned watercourse (ABW),
chott-type lakes (CH), fluviatile limans (FLL), clasto-karstic lakes (CLK) formed by loess
settling, marine limans (ML), lagoons (LAG), lakes between marine levels (L.-L.),
karstic/anthropic saline lakes (KS.-AS.), anthroposaline lakes (AS) and silted
anthroposaline lakes (SAS). For comparison, a freshwater, solution lake on gypsum (KOY)
was added. The KS.-AS . type includes lakes of uncertain origin, fanned by salt dissolution
or by filling with water of an old, abandoned and collapsed salt mine. The type AS and the
subtype SAS have the same last mentioned origin; the SAS subtype is represented by
anthroposaline lakes more or less silted.
The investigation was focused upon the whole lake water column and at least the
top 30 cm-sediments and included: Secchi disk transparency (T), water and sediment pH,
TDS, and the following components; Cl, S04, HC03, Na, K, Ca, Mg, total Fe, CCO (Mn)
(in lake water) and org. carbon (Cors), Cl, S04, Na, K, Ca, Mg, total Fe, Si02 , CH4, C02 (in
lake sediment).
The differentiation between the value ranges of above mentioned parameters and
the use of Cailleux extremal ratio (r") allow us: (a) to separate a series of 5 limnogenetic
types best characterized by their water and sediment chemical composition; (b) to establish
a number of 10 parameters which are the best-characterizing for all lakes studied.
Finally, some suggestions concerning the limnogenetic classification are made.
References
BulgAreanu, V.-A.C. (1983): Lirnnogeology and peloiddogenesis processes in the Poporului, Mihai
Viteazu and Brancoveanu lakes (Ocna Sibiului, Romania), Rev. Roum. Geol., Geophys.,
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Saez

Lacustrine and marsh-swamp systems are frequent in strike-slip zones due to the relief changes
caused by tectonic structures linked to these settings. This tectonic influence is very important.
since even minor relief variations in depositional and source areas may result in dramatic
changes of facies distribution and depositional framework. linked to water balance and
sediment contribution. Some of these facts are well ilustrated in the As Pontes basin case study.
This Oligocene-Early Miocene basin was generated in the hinterland of the western tennination
of the Pyrenean orogen. It was included in one of the NW-SE dextral strike-slip fault systems
which developed there as a consequence of the N-S shortening which affected NW Iberia. The
basin is asymmetrical. small in size (7.5 km long and 2.5 km wide) and its infill is up to 400 m
thick. It has been studied in detail thanks to the surface and subsurface data (i.e.l.200 coal
exploration wells). The present structure of this basin shows conspicuous compressive
structures (thrust slices. reverse and strike-slip faults) which affected a Precambrian-Paleozoic
metamorphic basement as a result of N-S to NNW-SSE compression. Nevertheless quite
important normal faults developed too during the early depositional stages of the basin. in
relation to E-W and ESE-WNW extension directions. Both groups of structures resulted from
two successive evolutionary stages of the strike-slip zone: 1) restraining overstep
generation stage and 2) restraining bend generation and activity stage.

The restraining overstep generation stage took place in a dextral shear zone and was
characterized by the simultaneous activity of two E-W main thrust systems and two N-S main
normal faults. Following or simultaneously to the early activity of the major thrusts. other
minor thrusts were emplaced following a break-back sequence. Meanwhile contractive
deformation of the basin basement progressed basinward following a piggy-back sequence.
This structural framework resulted in two isolated depositional zones bounded by active.
contractive and extensive basin margins and separated by a contractive threshold defined by the
basinward progressing thrust activity. Alluvial. lacustrine and swamp facies assemblages were
developed in both sub-basins during this stage. although well developed lacustrine episodes
<including cyclically arranged mudstones and dolostones. organic rich shales. carbonate clay
laminites and bioclastic rich sandy and muddy fades) were restricted to the western sub-basin.
The restraining bend generation and activity stage started when a fault splay linked
the two fonnerly developed main thrusts. It was characterized by the shifting of the basin
basement deformation to the newly generated main strike slip fault. This new structural
framework resulted in a wider depositional zone bounded to the north by active contractive
margins and affected by a noticeable tilting towards the active main fault. During this stmctural
stage. alluvial and swamp facies assemblages were dominant and lacustrine facies did not
occur.
The variety of factors (tectonic. climatic and sedimentary) which may affect the evolution of
lacustrine systems makes often difficult to distinguish their relative influence. In the As Pontes
basin the sedimentary record suggests that climatic changes influenced on the sedimentary
record. Nevenheless tectonic influence was the main factor which controlled the major features
of the lacustrine and swamp sedimentation. The most noticeable changes of the sedimentary
record took place during transition from one structural situation to the other. Relatively sharp
depositional framework rearrangements took place as a consequence of the above-mentioned
structural changes and the maximum paleoenvironmental diversity took place during the early.
restraining overstep structural evolutionary stages.
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Palaeoenvironmental investigations have been made on the late Quaternary sediment
deposited in the intrappenninic basin of Rieti (Central Italy). The basin originated by
extensional tectonic during the late Pliocene and until early Pleistocene was infilled, in
absence of significant tectonic activity, by alluvial fan and braided plain sediments.
Subsequently, most of the resulting plain underwent a tectonic collapse which gave rise to a
depression ("conca") where successive fills suggest that episodes of stream activity are
associated with rather different hydrological regimens paralleling climatological changes.
Sedimentological, paleontological and 14C analyses were undertaken on 20 sediment cores,
with the aim of defining the lithostratigraphy, chronology and depositional environments of
Holocene alluvial tills and also their local and regional palaeonvironmental context
Sediment from ca. 20 m depth through the cores bottom (ca. 45 m deep) are composed by
poorly sorted pebbles, up to 5 cm in diameter, sands and subordinate silts. The aggradation of
such coarse sediments. completely devoid of fossils and disperse organic matter, does reflect
episode(s) of hydrological regime characterized by enhancement of runoff as well as
frequency and magnitude of floods. It is likely that the high stream discharges could recruit
the abundant and coarse sediments supplied by the severe erosion of catchment slopes
substantially deforested during phases of climatic deterioration. By contrast upwards, from 20
m through 3 m deep in cores. without any apparent different recognizable hiatus in the
sequence, it is recorded the aggradation (in almost constant freshwater conditions) of organicrich. fine-grained, peaty sediments. Based on 30 •4C darings spanning from ca. 6,000 through
2,400 yr B.P. the deposition of this filling complex was referred to mid through late Holocene
age. Though to be considered cautiously, 14C chronostratigraphy suggests that rates of
accumulation over later Mesolithic through Iron Age periods may have been relatively high.
Sedimentological features. the high organic content and the presence of ostracods and
mollusks point out that deposition was associated with shallow freshwater, low-energy,
poorly drained backswamp or floodbasin environments. Non alluviation, fine-grained filling
and significantly long lasting peat development require a low stream gradient that primarily
does reflect an elevation of the local base level. For the studied valley reach this can be
accounted for by the growth of a travertine deposit, triggered by climate amelioration
commenced in early Holocene, that dammed the valley just upstream the study site.

..
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Loop structures, i.e. loop bedding, are typically recognised in finely laminated
sediments, either marine or lacustrine, and consist of 'small groups of laminae that are
sharply constricted or that end abruptly at intervals, giving the effect of long, thin loops or
links of a chain' (Bates & Jackson, 1980). This type of structure has been documented by
several authors, e.g. Dean & Fouch (1983), Gibling 11.AL. (1985), but we have not found
consistent inte1pretation of these structures in sedimentological literature.
We have recognised sequences of lacustrine laminites displaying well-developed loop
structures at several horizons in Upper Miocene formations from the Prebetic Area, SB Spain.
Our observations were focused on a nicely exposed outcrop in the Hfjar Basin (Calvo &
Elinga, 1987), a very small (ca. 5 km2) basin bounded by normal faults. During the Late
Miocene, the basin was infilled by up to 450 m of terrestrial sediments of which 300 m
consist of an alternation of thin carbonate turbidite beds and paper-shale diatomite exhibiting
varve-like lamination. In the studied outcrop, a marly turbidite deposit with laterally spacedout fissures at the top is overlain by a 4 m thick sequence formed of Jaminites. Two main
laminite types are recognised: a) dark green laminites that consist of a huge accumulation of
centric diatoms (Cyclotella species), and b) white, slightly thicker laminites made of a mixture
of carbonate crystals and diatom frustules. Ocassionally, mainly at the bottom of the bed thin
brown marls (turbidites) similar to those forming the underlying deposit occur.
1be laminite sequence displays a variety of deformational structures, such as small- ·
scale slump, ,convolute', and loop structures, the latter occuring mainly in the lower half part
of the sequence. Loop structures are observed to be esentially developed in 8 to 15 mm thick
packages of white laminae that end abruptly at decimetric intervals. In detail, the abrupt ends
that characterize the loops are seen to be related to conjugated normal microfaults. Typically,
both the overlying and the underlying dark green laminae accomodate within the loop space.
Ocassionally, the loop moxphologics are not so clear and the breakage of white Iaminite
packages results in a simple mil1imetric displacement of the laminae. According to these
observations, the loops are intexpreted as structures due to boudinage and, in fact they
correspond to boudin necks whose orientations, measured on bed surfaces, set in a N-S I
NlOOB pattern. These orientations are basically the same of those measured in fissures
(intexpreted as a kind of neptunian dykes) developed at the top of the underlying marls, which
suggests a common origin for both families of defonnational traces. Besides, they are
coincident with the main directions of fracturation determined in the basin.
In short, the loop structures analysed in the Hfjar Basin were formed through
progressive ductil deformation of laminite facies, the process being triggered early after
deposition of the laminite sequence. The defonnational model fits well the 'chocolate tablet
pattern' proposed by Ramsay & Huber (1983), which is typical of radial extension. The
proposed model for loop structures precludes, in the study case, to intexpret these structures
as seismites.

17

Ill

TITLE:

A STRATIGRAPHIC CLASSIFICATION OF LAKE TYPES AND
HYDROCARBON SOURCE POTENTIAL: BALANCING CLIMATIC
AND TECTONIC CONTROLS.

NAME:

Alan R. Caroll and Kevin M. Bohacs

ADDRESS:

Exxon Production Research Co., P.O. Box 2189, Houston, TX 77252,
USA

Recent exploration experience in the lacustrine basins of Africa, China and
elsewhere demonstrates the inadequacy of paleoclimatic models alone in predicting the
distribution and generation characteristics of petroleum source rocks. The accomodation
space created by tectonic subsidence also exerts an important influence on the genesis,
evolution, and preservation of lake deposits. Based on numerous empirical observations of
lacustrine basins, we propose a classification of lake-basin types based on lithology,
parasequence development and stacking patterns, organic matter type, and biomarker
geochemistry. Using this scheme, much of the complexity present in modem lakes may be
reduced to three end-member lake-basin types of geological and geochemical significance:
"overfilled", "balance-fill", and "underfilled". These lake-basin types, which refer to the
balance between water+ sediment supply (govered by climatic humidity) and
accommodation space, provide a powerful new tool for predicting and mapping lacustrine
source facies.
Overfilled lake basins occur when the precipitation/evaporation (PIE) ratio is high
or rates of tectonic subsidence are low. The supply of water + sediment exceeds available
accommodation space, and climatically driven lake level fluctuations are minimal.
Shoreline progradation dominates parascquence development, resulting in the stacking of
indistinct parasequences up to 10 m thick. In map view, the deposits may be regionally
widespread but laterally discontinuous, and contain strong facies contrasts; lacustrine
mudstone is commonly associated with fluvial sandstone and coal. Transported terrestrial
organic matter contributes to Type I-ill kerogens that generate waxy oil and gas.
Biomarker distributions record the relative contribution of aquatic versus terrestrial organic
matter.
Balanced-fill lake basins occur when the supply of water + sediment roughly
equals the available accommodation space. Water inflows are sufficient to fill the lakebasin periodically, but significant outflows are absent. Lake levels fluctuate in response to
climate changes, periodically exposing marginal areas to desiccation, wind deflation, and
minor fluvial erosion. Parasequences record combined progradation of elastic sediments
and vertical aggradation of desiccation cycles 1-5 m in thickness. Carbonate lithologies are
common. Deposits are regionally extensive in map view, with relatively homogenous
source facies. Due to an optimal combination of primary productivity and organic matter
preservation, TOC content may be very high, and oil-prone Type I kerogen predominates.
Biomarker distributions reflect specific populations of algae and other aquatic organisms,
and in some cases elevated salinities.
Underfilled lake basins occur when the supply of water + sediment is insufficient
to fill the available accommodation space, resulting in a closed basin with ephemeral lakes
and playas. Parasequences and sequences are very thin (commonly on the scale of
decimeters), and primarily reflect vertical aggradation of desiccation cycles. Source facies
are homogeneous, regionally extensive, and often associated with eolianites and evaporites.
High primary productivity results in Type I kerogen, but poor preservation leads to low
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TOC content. Source rocks generate mostly oil, which may be sulfur-rich. Biomarkcr
distributions record aquatic organic matter deposited under saline to hypersaline
depositional conditions.
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Le Bourget and Annecy lakes are located at the southern termination of the
Tertiary "molassic" basin, and at th; juxtaposition of the southern Jura and the western
outer Alps. Le Bourget lake ( 18 km long, 145 m deep) and Annecy lake ( 14 km long, 63
m deep) are basically related to the wUnnian glaciation. The region is also characterized by
recent to present-day tectonic activity, as evidenced field observations, geodetic surveys,
historical seismicity and morphological analysis. The sedimentary infill of Le Bourget and
Annecy lakes has been surveyed using different tools, for two purposes: to define
successive conditions and their climatic significance, and to detect disturbances due to
seismo-tectonic activity.
On Annecy lake, two different high resolution seismic surveys were conducted
(3.5 kHz and single channel sparker) and revealed different slope instability features
underneath the Holocene drape sequence. The surveys allowed a drilling site to be
localized: the 40 meters deep CLIMASll..AC core. Within the rythmic lacustrine sediments
covering the last 15 000 to 20 000 years, fifty sedimentary "events" (a.e. gravity reworking, microfaulting and stratification disturbances) were detected.
On Le Bourget lake, a side scan sonar survey was conducted and two sets of high
resolution seismic reflexion profiles were shot with the R.C.M.G.'s single channel sparker
equipment. Bathymetric and side scan sonar data were processed in order to produce 3dimensional views of the lake floor and sonar mosaics. Up to 200 m of glaciolacustrine
sediments and overlying lacustrine deposits (an 18 000 y. approximate duration) rest
directly upon fonnations of mesozoic or neogene age (P. Van Rensbergen et al., this
issue).
In the southern part of the lake, the whole infill is undergoing slight vertical
deformation along a NW-SE elongated faulting zone, which could correspond to a deeper
structure in the prolongation of the so-called "Col du Chat Fault" known on land.
In the deepest central part of the lake, a huge multiphased slump (8 km2, 20 m
thick) was emplaced. These gravitational phenomena appear to have occurred in a short
period, before the Holocene drape sequence; a drastic drop in terrigenous input and
sedimentation rate, combined to earthquake triggering could have favored this slope
instability.
In the northern part of the lake, two types of morphological features shown by
side scan sonar, argue for recent (historical?), brittle-like, sudden disturbances of surficials
sediments: 1) hundreds of meters long, half a meter high, rectilinear scarps, with non
random orientations; 2) concentric craters, 15 to 20 meters wide, 1 to 2 meters deep. Both
correspond to surficial reflector displacements on the seismic lines. The second type being
conical-shaped and affecting up to 4.5 m of sediments, is interpreted as seismicallyinduced "collapse crater".
In the Chautagne swamp, at the northern termination of the lake, the 1822 earthquake (MSK intensity 7; estimated magnitude 5.5) produced a seiche and huge gas escape.
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The annual carbon cycle in a highly productive littoral area in Gnadensee (a side arm of Lake
Constance, Germany) was investigated using hydrochemical and stable carbon isotope
analyses. The study area is colonized by submerged macrophytes, especially characean,
which are known to asssimilate bicarbonate when dissolved C02 becomes limited in the
dissolved inorganic carbon (DIC) reservoir. As HCQ3- is enriched in 13C by 8%o with respect
to C02(aq), organic matter fanned by bicarbonate assimilation is isotopically heavier than
that fonned by C02 assimilation. As a result, under low C02 conditions the fractionation
between organic matter and coprecipitating calcite (A813CPoc-clC03) is less.

In Gnadensee we observed an additional phenomenon leading to anomalous carbon isotope
fractionation and a further reduction of A813CPOC·CaCO], due to extreme bicarbonate
assimilation. During the annual cycle 8 13C values in the DIC increase from -9%o in winter to
-S.1%o in spring and autumn, according to the preferential uptake of the lighter 12C isotope
by the algae. In summer (July - August), however, when characean reach their maximum
seasonal biomass and the highest productivity occurs, anomalous 813C values are observed
for the DIC of the surface water (·10.SL). The relatively positive 8•3C values in the organic
matter of the characean at this time (-19%o) confirm high rates of bicarbonate assimilation by
the macrophytes. During this interval of extreme photosynthetic activity, the intense
utilisation of bicarbonate by the characean lowers PC02 to < lOOµatm and rises pH to > 9.
These conditions alt.er the mode of C02 invasion from the air into the water, which becomes
a sink for atmospheric C02. The increased C02 flux (> tenfold), according to the equation
C02 + OH·-> HCOJ·, is known to produce a large negative carbon isotope fractionation by
l 4%o in alkaline solutions. Meteorological data indicate that the enhanced C02 flux is
favoured by low wind speeds, whereas acidic rain (pH=4.4) obviously diminishes the effect
The alkaJine induced, anomalous negative 813C signal in the DIC of the Gnadensee surface

water is recorded in the calcite precipitating on the characcan. The calcite 8•3C precipitated
in summer displays values 2%o less than those fonned during spring and autumn (-1 .S to
-2%o) under less productive conditions. Thus, under conditions of extremely high
productivity, the 81 3C values of authigenic calcite become more negative, a trend in the
opposite sense of what would have been predicted based on the study of other eutrophic
lacustrine systems.
The results of this study demonstrate for the first time the occurrence of a chemically
enhanced C02 invasion at the air-water interface into a hardwater lake. The rate and
magnitude of this influx has a quantitatively greater significance than has been previously
considered. This process may have more importance in pre-industrial times, before the onset
of acidic rain conditions.
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A Combined sedimentological and palynological investigation have been carried out on
lacustrine sediments. The results show the details of the Late Weichselian and early
Holocene vegetational and climatic record preserved in the sediments of the Amose basin.
The Amose basin is a fonner lake and covers 52 km2 and has a catchment area of 500 1cm2.
The sediments deposited in the hydrologically open lacustrine basin represent the Late
Weicbselian and Holocene geological record, and are dating back to approximately 13.000

BP.
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At the Kongemosen locality a transect perpendicular to the lake shore bas been carried out
, using a Russian core sampler. A facies analysis reveal two facies associations: a Late
Weicbselian minerogenic facies association and an early Holocene organogenic facies
association. The minerogenic facies association consist of up to 4 m laminated clay and fine
sand. An organic interval in this association has been interpreted to represent the Allell!ld
Cbronozone. The organogenic facies association consists of 3 m undisturbed laminated
organic sediments. The transition between the two facies associations correspond to the
Younger Dryas/Preboreal transition, and is sedimentologically marked by a shift in the
sediments from dominantly minerogenic to organogenic, and further an increase in the
carbonate content from 35 % to 70 %. The transition layer is a coarse grained low-stand
sediment, which is believed to encompass the early part of the Preboreal period.
The organogenic facies association have been palynologically investigated. A core sample
from the deepest part of the lake and one from the shallow part of the lake have been
examined and biostratigraphically correlated. The palynological data bas been transformed
into pollen percentage diagrams and the pollen diagrams have been divided into local pollen
assemblage zones. The local pollen assemblage zones have resulted in five regional pollen
assemblages zones: AM-1 to AM-5, covering the Allerf"kf, Preboreal, Boreal and early
Adantic Chronozone. These five regional pollen assemblages zones have been related to the
absolute chronology by correlation of characteristic levels to other weill dated pollendiagrams
from the eastern part of Denmark.
A climato-stratigraphy of the Amose basin has been proposed based on sediment and
vegetational evidence
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The Late Triassic Aeming Fjord Formation of the Jameson Land Basin, East
Greenland, is composed of a basal Edderfugledal Member (lacustrine to lagoonal), a
middle Malmros Klint Member (lacustrine), and an uppermost 0rsted Dal Member (fluvial
and lacustrine) Clemmensen (1980). The Malmros Klint Member and the basal part of the
overlying 0rsted Dal Member were the subject of a detailed cyclostratigraphic and
magnetostratigraphic study in the 1992 field season. The Malmros Klint Member is
composed of cyclically bedded red-brown mudstones and fine-grained sandstones. and
paleosols. These deposits form vertically cliffs 100-130 m high along Carlsberg Fjord in
the eastern part of the basin. The member displays a composite cyclicity; based on current
data the most obvious cycles have mean thicknesses of: (25m), 6.5m, 5.3m, 2.lm, l.6m,
and 1.3m. These cycles are thought to record orbital forcing of climate (precipitation),
reflected in sediment yield to the basin and lake environment. Small-scale cycles between
0.25 and 0.6m in thickness may record short-term climatic variation, or autocyclic
processes. The composite cyclicity seems to match Triassic orbital cycles with the
following periodl: (413ka), 123ka, 95ka, 36ka, 21.Ska, !Ska. If this interpretation is
correct. the Malmros Klint Member should have been accumulated in a little more than 2
m.y. The overlying 0rsted Dal Member is composed of two units in the eastern part of the
basin. The lowermost Carlsberg Fjord beds are ca. 115 m thick and composed of cyclically
bedded variegated claystones, siltstones and calcareous sandstones. This unit is also
characterized by a composite cyclicity with cycles varying in thickness between ca. 1 and
ca. 6 m. Thus it appears that depositional conditions in the lake system continued to be
controlled by Milankovitch-type fluctuations in climate. Although data arc not very
complete at present, the composition and thickness ratio of the cycles suggest that the
Carlsberg Fjord beds represent a little less than 3 m.y. of accumulation. The uppermost
Tait Bjerg Beds in the 0rsted Dal Member are composed of cyclically bedded limestones
or dolomites and elastic mudstones but has not yet been studied in detail.
The complete Malmros Klint Member and the lowermost 90m of the overlying
Carlsberg Fjord beds were sampled for paleomagnetic study during the 1992 field season.
A strong normal polarity overprint is evident but a high stability characteristic
magnetization carried by hematite was successfully isolated using progressive thermal
demagnetization in 154 samples from 62 sampling levels. The mean direction, indicating a
paleolatitude of 26°N, is somewhat shallower than that projected from reference Triassic
paleomagnetic poles transferred from North America, but agrees with an earlier study of a
12 m cored section of the Malmros Klint Member by Reeve et al. (1974) that also used
thermal demagnetization. The stratigraphic distribution of normal and reversed polarities of
the characteristic magnetizations delineates 6 polarity intervals defined by data from two or
more successive stratigraphic levels. A tentative correlation of the magnetostratigraphy to a
cyclostratigraphically calibrated reference polarity sequence recently derived from nearly 7
km of drill cores in the Newark Basin of eastern North America (Kent et al., in press)
suggests that the sampled interval represents about a 3-5 m.y. interval of the Norian.
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Lake Balaton, an important national treasure, is the largest shallow lake in Central
Europe. Since the end of the last century, the lake including its environs has been
investigated by a great number of specialists from different but always renewed aspects. In
spite of the enormous scientific knowledge accumulated about Lake Balaton, it has called
our attention with increasing frequency to new problems (silting up, eutrophication, upset
of the ecological equilibrium, etc.) each representing a challenge for biologists,
limnologists and geologists alike. In order to have a better knowledge of these problems,
specialists from different institutions have been involved in various projects investigating
the lake including it catchment area. This series of studies was completed by a detailed
investigation of the sediments of Lake Balaton. The aim of this presentation is to give an
overview of the main results that have been obtained by the Geological Institute of
Hungary about Lake Balaton, paying special attention to the following issues:

*

Understanding and describing the features of lacustrine deposits

* Determining the spatial distribution of lacustrine deposits as well as the
morphology and structure of the basement

*

A brief geohistory of Lake Balaton

1. As far as the composition of lacustrine deposits is concerned, it has a carbonate
mineral (Mg-calcite, dolomite, calcite) content of 50 to 70% which is mainly of
allochtonous (anorganic precipitation, product from the metabolism of phytoplanktons,
shell detritus), and of autochtonous (by waterflow, falling dust) origin. The rest (30 to
50%) of the mud includes siltstone, sand and clay transported by waterflows, or by shore
abrasion.
2. Isopach map of the loose mud and seismostratigraphical-tectonic map of the
basement have been compiled both on scale 1:50 000. On the basis of the thickness map
the mud is generally 5 m thick. There are elevations in the basement covered only by 1-1.5
m thick mud, while in subsidences it may reach 8 m. The amount of mud accumulated in
the area which is currently covered by water (approx. 2.5 to 3.0 km3). It means that the
lake has entered the phase of natural ageing.
As for the basement, seismic time sections allowed us to distinguish 7 zones as
well as describe their features and tectonic elements. As a result of their deposition under
different conditions the selected zones differ lithologically. Geological features of the zones
have been identified on the basis of 33 underwater boreholes.
3. As a summary of results from the complex geological investigations, it can be
stated that in the area of the present Lake Balaton, several, shallow ponds with pure and
cold water are likely to have developed at the end of the Pleistocene, between the Old
Dryas and the Allerod (12 500 to IO 500 BP). The increase in temperature and humidity of
the climate resulted in a gradual increase in water level, and the barriers separating the
ponds were eliminated as a result of abrasion. The water level in the lake varied from +6

24

to -1 m as compared to the present-day water level, in compliance with climatic changes.
The resulting abrasional terraces can not be stratigrapbically classified according to their
altitude.
Initially, the lake water was pure but it became then mesotrophic, later eutrophic,
all this within a short period of time. Lake Balaton, although its trophity frequently
changed during its geological history, can mainly be characterized by the predominance of
meso-eutrophic conditions. Due to the climatic conditions, the lake environment was
covered by decidous forests. The rate of sedimentation of lacustrine deposits (which was
0.4 mm/yr on the average) was heavily influenced by mud agitation effect of underwater
streams, lake depth, extent of area covered by the lake, water quality, climate, and the
proportion of shore areas covered by vegetation.
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Lake Balaton forms an important piece of national heritage in Hungary. Ongoing
investigations continuously add to the ever increasing amount of scientific facts, but the
lake itself calls our attention again and again to new problems such as mud deposition,
eutrophication, the loss of ecological equilibrium, and so on.
The aim of this paper is to give a brief description of the isotope geochemical
investigations and the relevance of geochemical results to solve geological problems.
l 4C dating was performed on peat, on samples from 7 additional boreholes, in
order to date the lacustrine sediments. For paleo-climatological reconstruction l 3C and 180
rations were also measured in water samples of Lake Balaton, in the autochtonous
lacustrine carbonate mud, in molluscan shells collected from the sediment, and in samples
from the carbonate rocks and carbonate-bearing unconsolidated deposits in the catchment
area of Lake Balaton. In addtion, 137Cs and 134Cs were also determined in order to
estimate the rate of underwater reworking of lacustrine deposits, including the rate of
sedimentation. Finally, in-situ gamma-gamma logging was carried out in the Bay of
Keszthely using isotope source to help with plans of mud dredging.
Isotope geochemical tests have proved to be very efficient, allowing us to have a
better understanding of some environmental problems of Lake Balaton including the rate .of
sedimentation, physical properties and underwater motion of mud etc. Results delivered
further data on the age of Lake Balaton, and it past climate. The major results can be
summarized as follows:
1. Around Lake Balaton peat development started in the beginning of the
Postglacial (Bolling), and lasted approx. 1500 years. It was most widespread in the
Ailerod.
2. Oxygen isotope ratios measured in the autochtonous carbonate deposits in the
lake and in carbonate shells of gastropods are influenced mainly by the evaporation of
water. Additionally, the latter indirectly depends on the climatic conditions of the particular
region too. The measured values of oxygen isotope ratios allow us to trace the gradual
warming-up in the Holocene.
3. Most of the carbonate in the lake deposits was fonned in-situ. Only a negligible
amount was transported from the catchment area.
4. Comparative analysis of 180 trends in lake water and the weather conditions
shows that, due to intensive evaporation, the oxygen isotope ratio of the water in Lake
Balaton is close to that of sea-water and considerably differs from the values of rivers and
meteoric water in Hungary. In the region, the average 180 value is -9.5% for meteoric
water, as compared to sea-water. In the oxygen isotope ration of the water of Lake Balaton
seasonal changes can be well observed.
5. One part of the organic matter included in the mud of the lake originates from
the recycling of the biological carbon. This process has been going on since the fonnation
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of the lake which implies a relative enrichment in l3C.
6. Artificial radio.isotope contamination entering the atmosphere since 1950 can be
well traced in the mud of the lake. The location of peaks has allowed us to determine the
rate of sedimentation. Under undisturbed hydrological conditions, this value ranges from
0.5 cm/year to 1.4 cm/year. The rate of sedimentation changes by time and in recent years
it has showed a dramatic increase to 2 to 6 cm/year. At some points of Lake Balaton
underwater sediment transport and accumulation can be observed. As shown by our
measurements the top 2 to 3 cm of the mud is disturbed by storms over the lake.
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Varvochronology have been mostly used in the high latitude region. This is correlated with
an annual deposit of a pair of laminae (or varve) usually in glacial lakes.
In the intertropical zone where the climatic seasonality is not pronounciated, the varve
sedimentation is rare and exceptional (Pilskaln and Johnson, 1991). However, it's possible
to make a relative chronology based an laminae counting from individual sedimentation
events: "laminochronology".
Laminochronology of lake Magadi (Kenya 2° latitude S, East Africa) and its 14c
chronology shows a frequency of 4.30 yr for the deposition of each pair. Using this period,
we have had dated the upper part of core, where 14c dating is impossible because organic
matter and carbonate are missing.
Further more, spectral analysis applied to thickness variation of laminae show some
periods correlated with some climatic cycles (sunspot cycle and or ENSO cycle).

Pilskaln, C.H., and Johnson, T.C., 1991 -Seasonal signals in lake Malawi sedimentsLimnology and Oceanography, 36, 3: 544-557.
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Lake bottoms in Bavaria have been increasingly used for the installation of pipelines for
sewage or gas due to lower costs and the increased density of settlements in the nearshore
areas. This strategy has necessitated investigations with respect to slope stabilities or the
potential of subaqueous mass movements and their regional distribution, triggering and
timing. Here, examples of respective surveys of two lakes, ,,Stamberger See" and ,,Tegernsee"
are presented. The inventory of mass movements was obtained using subbottom (3.S kHz)
profiling, side scan sonar and coring combined with precision laser positioning in addition to
GPS navigation.
Within lake ,,Stamberger See", the largest slide mass found has a volume of 300 000 m3,
occurring in an area, where steep (10° - 17°) slopes continue on land. The slide mass consists
of two single debris flows reaching thicknesses of > S m consisting mainly of moraine
material. Dating by pollen and C14 showed that movements occurred during the Younger
Atlantic and during the Subboreal period. These mass flows generated turbidites of the
Horgen-Type ( 1) with sand to gravel size in the proximal, silt and clay in the distal regions.
Turbidite deposits can be traced for more than 1.S km following the N-S elongated basin
morphology. Triggering was either caused by lake level fluctuations lmown from these
periods or during flood events.
Under present-day conditions, flood events appear to be a major cause of mass movements.
Torrential rains with increased bedload continue into the lake, eroding small canyons, which
finally lead to the slumping oflitoral sequences.
Further features indicating slope instabilities in lake ,,Starnberger See" include pressure ridges
caused by sediment creeping. In this case the sidescan survey showed the presence of more or
less slope parallel elongated lobes with coalescent noses. Creeping occurs on slopes with
angles between 5° to 7°. Water content of the complete Holocene sediment sequence, mainly
clay and silt sized, is rather high (> 60 %) as a result of low sedimentation rates characteristic
for this lake. This is considered as a prerequisite for the creeping process.
Lake ,,Tegernsee" differs from lake ,,Stamberger See" by its surrounding geology resp.
petrography, containing cretaceous flysch deposits. These are a major cause of bedload-ricb
tributaries forming steep prograding delta areas, where mass movements with only small
disintegration of sliding blocks are very common. Additionally, high sedimentation rates and
high biogenic productivity in this lake are the cause for gas enrichment within lake sediments,
recognized in the acoustic character of the sediments and in the ubiquity and abundance of
pockmarks. These factors are considered as the main cause and trigger mechanism of frequent
small scale slides observed in slope areas of this lake.
Within lake ,,Tegemsee", a man-made slide can be observed as well, occuring on February 4,
l 959 as a result of construction works in the lake shore area. Side scan surveys showed a
coherent block slide with upright standing trees and pressure ridges, which had stopped at the
foot of the slope.
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Lake Malawi is a large rift lake (more than 550 km long; about 50 km wide) that
occupies most of the Malawi Rift. This rift is the southern and youngest segment of the
Western Branch of the East African Rift system. The rift segment presently covered by the
lake consists of a series of 7 half-grabens with alternating polarity, which are each
typically 150 km long and 50 km wide.
A high-resolution reflection seismic survey was carried out in October 1992 in the
northernmost part of the northern Livingstone Half-graben. Thirteen profiles - with a total
length of about 150 km - were acquired from the small "Nyanja" vessel, utilizing a sparker
source and a single-channel receiver. The quality of the data was excellent and could even
be improved by applying some digital processing routines (time-variable filtering,
deconvolution, migration): penetration generally exceeded 300 ms, resolution was less than
l m, gas-blanking phenomena were restricted to the shallow-water coastal areas and the
noise was limited.
Seismic-stratigraphic interpretation of the profiles allowed up to 12 seismic units
of regional importance to be identified in the lacustrine infill of Livingstone Half-graben_
These 12 units are correlative with the Mbamba and Songwe Sequences, that were
identified previously on basis of the multifold seismic data of Project PROBE and are
thought to be of Late Pliocene to Recent age. Various sedimentary environments can be
interpreted from the seismic profiles, such a8 deltas and fan deltas, debris flows, faultcontrolled deep-water channels, turbidites,...
Detailed sequence-stratigraphic and seismic facies analyses (offiap-breaks in
buried delta lobes, subaerial (?) incised valleys, backstepping ravinement surfaces,... ) have
demonstrated that the stacking pattern of these 12 seismic units, as observed along the
western shoaling margin of the half-graben, results from a succession of several "lake level
cycles":
*
A lower-order transgression-regression-transgression trend seems to be closely
linked to the main tectonic events affecting the basin: dip- to oblique-slip
movement along faults parallel to the main border fault, volcano-tectonic uplift of
the Rungwe volcanic province slightly north of the basin, reactivation of the
intrabasinal faults, ... Tectonic activity is thought to have continued controlling
basin development until the Late Pleistocene.
A higher-order trend, indicative of rapid - sometimes apparently almost
*
instantaneous - lake level fluctuations, is thought to be of purely climatic origin
(i.e. changes in pluviosity). It is best expressed in the upper part of the Mbamba
Sequence and in the Songwe Sequence. Lake level may - at one stage (late Middle
Pleistocene?) - have been at least 320 m lower than at present.
The sedimentary environments within the basin have changed through time in response to
these variations in lake level. The reconstruction and quantification of these variations may
yield new insight in the tectonic and environmental changes that have affected the area.
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The Salt Lake. which is the most important salt (NaCl) producing area in Turkey,
is one of the scarce, modern examples in the world for evaporitic lake environment. These
other modern, evaporitic depositional environments occurring on the continent. which are
known from the Great Salt Lake, Owens Lake, Searles Lake, Saline Valley, Deep Spring
Lake and Clayton Playa in the U.S.A. as well as from the Magadii Lake in Kenya and
Marion Lake in Australia, have long been subject to various investigations.
The present review, although not covering the whole Salt Lake, shows that
sedimentological studies in such lake environments could be useful to better understanding
of formation of the recent evaporitic deposits on the continents.
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The 6180 history of Lake Huron water is reconstructed between 10,600 and 7600 14C-yr B.P.
based on 6180 measurements of ostracodes in three cores from Lake Huron. The calculation of
water 6180 was based on the isotopic composition of Candona subtriangulata, which
commonly calcifies in cold water. Modem sediment collected from Lake Huron, however,
showed that both Candona subtriangulata and Candona rawsonii live in the shallow water of
Lake Huron, and probably precipitate their shells over a range of temperatures. The Candona
subtriangulata with the most positive 6180 value was selected as a cold water value. This cold
water end-member was used to calculate the 6180 of lake water in order to eliminate
uncertainties due to possible seasonal temperature variation during a time when lake levels
were changing. The isotopic fractionation used for this calculation was calibrated using a
comparison of the 6180 values of modem ostracodes and Lake Huron water, where a
fractionation of 1.0358 was measured between the most positive 6180 of the ostracode
Candona subtriangulata and lake water 6180. This calibration is only approximate, however,
because we lack 6180 measurements of lake water throughout a seasonal cycle.
The 14C chronology for these cores was constructed from AMS dates on shells and wood from
6 different cores and it shows evidence of a significant 14C reservoir effect in the lake.
Anomalously old dates are concentrated during one period of rising lake level. During the time
interval covered by these cores the level of Lake Huron fluctuated significantly. The calculated
18
0 0 of Lake Huron and Georgian Bay waters ranged from -21 %o to -8 %o (SMOW) between
14
10,600 and 7600 C yr B. P. The isotopic composition of Lake Huron water reflects a
significant glacial melt-water component before 9000 yrbp and after 8000 yrbp. This is the
first evidence of glacial melt-water in the North American Great Lakes after 8000 14C yr B. P.
Between these times of melt-water in:Ouence, the isotopic composition of the lake was 2%o
more negative than it is today. Times of low lake level are closely correlated with the highest
ratio of glacial melt-water to local precipitation in the basin. Georgian Bay water was more
negative in 0180 than Lake Huron water during the interval when cores overlap; this reflects a
higher proportion of glacial melt-water in Georgian Bay and its isolation from Lake Huron.
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During the Lower Creataceous, wide areas of the Dinaric-Adriatic Carbonate Platfonn
emerged for long periods. The Hauterivian-Barremian carbonates from Kolone-Barbariga
(Southern !stria, Croatia) present a few typical examples of lacustrine facies with dinosaur
bones and ofbrackish/palustrine facies. The sequence of the carbonate platfonn is made for the
most part by subtidal and intertidal limestones; marine deposits are frequently characterized by
subaerial exposures. The bone levels are located in a large depression few meter deep in the
uppermost Hauterivian marine limestones. Filling filcies of this depression are made by
oncolitic rudstones and algal boundstones which represent marginal lacustrine facies and by
laminated limestones, thin stromatolitic levels and by distal fringes of rudstones which
represent on the other hand relatively open lacustrine facies. At the Hauterivian-Barremian
boundary a major emersion event has been observed, then a slow transgressive phase
characterized by cyclic micro-fluctuations occured. The transgressive facies are primarly made
by mudstones with ostracodes, charophytes and Spiril/ina (brackish facies), by wackestones
with Ophtalmidiidae and rare dasyclad algae, by storm layers with gasteropods and miliolids
and by breccia-like dinoturbated beds. At the top of the section, wackestones, packstones and
grainstones very rich in dasyclad algae outcrop. These deposits could have a significance of
maximum flooding event. Trace elements, carbon and oxygen stable analysis have been
perfonned on lacustrine, brackish/palustrine and marine carbonates. The isotopic values
obtained are graphically reported in Fig. I. The brackishlpalustrine and lacustrine facies show
isotopic values typical for a transitional environment. The 8110 values depend primary on the
fresh water/sea water and precipitation/evaporation ratios, while 813C is related to organic
productivity. The isotopic values of the Barremian and Hauterivian tidalites are lighter than
those expected for this depositional environment. If considering that several tidalitic samples
show alteration fabrics, the lighter isotopic values may reflect vadose diagenetic processes
acting during any seawater low levels.
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The lakes Issyk-Kul and Balkhash are situated in arid climatic zone and have
boundary watershed of main feed sources. The first one is situated in mountain zone, its
level mark oscilates near I608 m; the second one is situated in the plain area; its level
mark is about 341 m.
The using of method of continuous seismoacoustic profiling (resolving capacity is
about 1-1.5 m) for lake depressions of lssyk-Kul (25 profiles) and Balkhask (25 profiles)
and the following seismostratigraphic analysis of these data made it possible to get a
geological depression sections from their fonnation time till nowadays and as a result to
describe their palcogeography.
For sedimentary stratum of these depressions we can define 5 main types of
seismoacoustic recordings, which are typical for different lithological and genetic types of
sediments: bedded, irregulary bedded, chaotic, relatively transparent, laminated.
The coastal geological situation and coastal well logs analysis makes it possible to
define with relatively high extent the Paleozoic basement surface on seismograms, and in
sedimentary cover to stratificate the Quaternary stratum, and sometimes to define Neogene
deposits.
In Pliocene epoch the recent territory of lakes Issyk-Kul and Balkhash were
characterized by semiarid climate and wide distribution of small lakes and temporal stream
fans.
The main features of modem relief, caused by tectonic activity. were fonned in
Eopleistocene.
In Middle Pleistocene the recent Balkhash depressions was filled by water, first in the western part, and afterwards - in the eastern one. The lakes' surface was the largest
in Late Pleistocene, and afterwards its size reduced. The lake Issyk-Kul was the maximum
in Middle Pleistocene. Its level change in the first half of Late Pleistocene was connected
by tectonic activity. Its regressive stage started in the second half of Late Pleistocene and
was connected with climatic changes.
The Issyk-Kul level fluctuations are connected with the boundary mountains
glacial stages and the tectonic activity as well. The lake Balkhash's paleogeography was
changing mctachronously with its watershed basin climatic changes in the Northern TianShan.
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The island of Rhodes belongs to the eastern part of the Hellenic Arc, and insular
arc related to the subduction of Africa beneath Europe. The island rose during the Miocene
and was separated from the Anatolian mainland by a marine transgression in the Late
Pliocene. In this island a neoautochthonous structural unit (Oligocene Vati Group and PlioPleistocene formations) unconformably overlies several allochthonous units and an
autochthon consisting of Malm to Eocene limestones (Attaviros Group) and the Oligocene
Kattavia Aysch 1•
The Lower Pliocene of the island is extensively represented by alluvial and
lacustrine sediments, which can be ascribed to the famous "Levantinian" deposits, very
common in the Eastern Mediterranean area. In the southern part of the island a thick pile
(> 1000 m) of these sediments fills three trough shaped basins. They were bounded in the
north by the thrust-generated limestone massifs of Attaviros Group and in the south by
reliefs carved in the Kattavia Flisch and in the limestone successions drowned at present.
A central structural high was formed by the Vati Group. Field mapping, physical
stratigraphy, facies analysis, paleocurrent measurement and debris composition were used
to reconstruct the tectono-sedimentary evolution of these basins.
.
They display the same internal organization in 3 main lithostratigraphic units. Unit
1 mainly consists of fan delta coarse-grained deposits supplied by the Vati Group. At the
foot of the northern limestone massifs they accumulated as a talus breccia. Unit 1 is
strongly tilted and displays several progressive unconformities near the boundary with the
Vati Group. Unit 2 is an open lacustrine sequence lapping on the former unit and the
substratum. It is characterized by alternating fossiliferous marl and organic matter rich clay
with frequent coarse-grained intercalculations derived both from the central high and the
southern reliefs. In this phase, the northern margin was uplifted and preserved from
terrigenous input, causing deposition of a thick (>40 m) section of travertine and lacustrine
limestones. Unit 3 is an alluvial fan and fan delta sequence erosively resting on the former
one. The coarse-grained debris is mainly derived from the south.
An impressive pattern of NW-SE trending sinsedimentary tear faults bounds the
units, particularly the first one, and influenced depositional body geometries. Stratigraphical relations among main units, progressive unconformities encloses in the first unit,
general buckling of the basins, compressive deformation of pre-Pliocene substratum and
bibliography2 suggest that these basins formed in a foreland setting. They were probably
related to the southeastward thrust of Auaviros Group and a pop-up structure, with blind
thrust faults, of the Vati Group. NW-SE faults are related transfer faults. Vertical change in
debris supply and concentration of strong tectonic activity in the Unit 1 indicate a
progressive uplift of the southern area. while the uplift of the central high was decreasing.
The Lower Pliocene basins of the island of Rhodes evolved from a lacustrine fan
delta system to an open relatively shallow lake system, with a thick section of travetines,
and finally to an alluvial setting again but with different drainage.
1

MU1TI, E. OROMBEW, G. and POZZI, R. (1970): Ann. Geol. des Pays Helleniques 22, 77-226.
JONGSMA, D. and MASCLE, J. (1981): Nature, v. 293, 49-Sl.
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Climatic zones and climatic changes significantly control the rates of both chemical and
mechanical denudation and thus flux rates of solutes and terrigenous material :from river
drainage areas into open and closed Jake basins. The quantitative aspects of such denudationaccumulation systems will be approched using two methods: ( 1) Applying known denudation
rates and the ratio of the drainage/lake areas, the average sedimentation rate in the Jake can be
determined. (2) Viceversa, :from known accumulation rates in the Jake, the average denudation
rates of the drainage area can be found. Whereas closed Jakes collect both the solid and
dissolved river loads, open lake systems lose part of the dissolved load. In order to quantify
these processes a review of existing data about modem lake systems and modelling of ideali7.ecl
lake systems in various climatic and morpho-tectonic zones will be canied out. The results of
the simulations will be compared and cahl>rated with case studies.
In the first stage of this study, simplified mass balances are applied. It is assumed that both
rock composition, relic( and climate in the drainage area remain constant, and that sediments
are evenly distnbuted over the entire Jake area. The climatic and lithological conditions in the
drainage area are expressed by the "weathering index" (mechanical vs. chemical weathering
rate). Similarly, the nature of the lake sediments is characteri7.ed by the "bio-index" (bioclastic
vs. evaporitic sedimentation rate). The gradual increase in lake water sa1inity after closure of
the outflow can be estimated :from the discharge and chemisay of entering rivers, the volume
of lake water and evaporation loss. In a later stage, this process will be geochemically
modelled (see contribution by Jumping YAN).
The pr~liminary results of a review of marginal Alpine lakes and their drainage areas show
a clear relationship between the mean mechanical denudation rates (calculated :from river ·
loads) and relie£ The lakes of Geneva and Constance record the highest mechanical denudation
rates because their drainage areas include parts of the highly elevated Central Alps. The
reasons for the considerably lower mechanical denudation rates of the lakes of Brienz and
Thun, which have comparable reliefs in their drainage areas, are not clear. By contrast,
chemical denudation rates mainly depend on climate and rock composition rather than relie(
The highest rates of chemical denudation can be observed in the Northern Calcareous Alps, the
lowest in the Central Alps as well as in the semi-arid drainage area of Lake Balaton. The
quantification of average mechanical denudation rates by elastic accumulation rates in the Jake
basin is complicated by widespread deka outbuilding. In Alpine lakes more than 95% of the
solid river load can accumulate in a deltaic environment In respect of dissolved constituents,
all Alpine lakes are open. 8 to 18% of the incoming dissolved load is removed within the lake,
mainly by seasonally varying biogenic calcite precipitation.
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The basin of Tiznit which is located in South of Morocco is filled with continental
formations presumably dating from Neogene to Quaternary epoch. Field study and
lithofacies observations (El Montassir, 1992) associated with detailed microfacies analysis
permit to distinguish two lithological units.
(1) The former concerning the margin lacustrine associations display from the base to the
top: stromatolithic building suite with parallel, woven and botryoldal laminations,
oncolithic facies and pellitic facies. This trilogy occurs four times by section and include
sometimes elastic supports which are located preferentially at the base.
(2) The latter is located at the center of the lake and show: marle stone with rare clasts
(size from 0.2 to 0.5 mm), white bioturbed limestone (nebular facies), dark bioclastic
deposits with gastropods, charophytes and bryophytes and more darked micritic limestone.
These lacustrine deposits have enregistred immersion and pedogenesis many times.
In conclusion, the old deposits of the Neogene formations of Tiznit basin show
unequivocally facies of fresh water lake with biosedimentologic characteristics linked to
the slopes (marginal facies) and limestone/marlestone of lacustrine sensu-stricto related to
the ramp.
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The Eocene-Oligocene White River Group comprises approximately 150 m of fluvial
channel sandstone, overbank mudstone, and paleosols in the Chamberlain Pass, Chadron, and
Brule Formations. In the region from Wall, South Dakota to Chadron, Nebraska (about 150
km) as many as 4 lacustrine limestone beds can be found within the upper 15 m of the
Chadron Formation. Each limestone is 10 to 60 cm thick, and is composed of massive
ostra.code-charophyte wackest.one and carbonate mudstone with clotted micrite fabrics. Some
beds also exhibit algal laminites, or rhythmites of peloidal packstone and carbonate
mudstone.
These lacusb'ine limestones should not be confused with the soil carbonate features
(rhizoliths, concretions, etc.) that are common in paleosols within the Chadron Formation.
The lacusb'ine limestones differ from pedogenic carbonate iii the presence of fauoal remains
(centrachidae fish, turtle plastron plates, pulmonate gastropods, bivalves, ostracodes, and
charophytes), trace fossils, mudcracks, and other features. These limestones should also not
be confused with marls, as previous workers described them, because they are entirely free
of siliciclastics. Finally, the lacustrine limestones appear to spatially related to vertical tufa
structures, suggesting the lakes may have been spring-fed.
1be four lacustrine limestone beds are interstratified with fluvial channel and

overbank deposits, yet are composed of pure carbonate. One limestone contains > 50
rhythmite couplets, suggesting persistence for at least decades. Many of the limestones end
abruptly with a mudcracked surface and/or ostracode-fish death assemblage, suggesting a
terminal emergence event prior to burial. It is proposed that regional groundwater flow
systems were enhanced by the uplift and denudation of the Black Hills (to the west), and that
the episodic development of lakes in this region was facilitated by episodes of fluvial incision
and lateral restriction of overbank facies.
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During the Early Cretaceous the terrestrial Wealden facies covered wide areas of the
eastern Iberian massive. Normally bounded by fluviodeltaic sequences a palustrinelacustrine system was established during the ?uppermost Hauterrivian to Barremian
(Huergina Formation). The studied sections (Alustante, Guadalaviar, Tragacete) with
a total thickness of the Huergina Fm of 15 m to 35 mare situated in areas of reduced
subsidence within the NW-SE striking Mesozoic Celtiberian aulacogen.
The palustrine sediments consist of red and yellow silty pelites with pisolites, nodular
and tabular caliche, coal layers and pedogenetically modified lacustrine carbonates.
Among pedogenetic processes are bioturbation by plant roots, blackening of micrites,
brecciation and dolomitization. Lacustrine carbonates consist of marginal lake
oncolites and distal charophyte and molluscan micrites and marls, both deposited in
the littoral zone. No laminites are recorded. Instead, even distal limestones are
intensely bioturbated. Sandstones and sandy oncolites show a fluvial and deltaic
influence.
Rapid lateral facies changes and local restriction of lacustrine sediments indicate
single lakes that may have been connected temporarily during intervals of lake-level
highstand. The lakes were low-gradient, shallow ramps. Slight changes in lake level
resulted in rapid facies shifts. The lakes were not deep enough to allow stratification
of water. To the E (Maestrat) and W (Serrania de Cuenca), lacustrine sequences of
several 100 meters of thickness occur, indicating a strong tectonic control on the total
thickness.
Climatic control, on the other hand, governed the evolution of three palustrinelacustrine cyclothems that can be traced over 60 km. The first of them reflects the
largest transgression of lacustrine facies during humid intervals, whereas the two
younger cycles only produced shallow littoral oncolites and pedogenic carbonates.
The regressive intervals are recorded by palustrine petites with caliche produced
during semiarid to arid intervals. Climatic changes are also evident from the
alternating occurrence of coals, early diagenetic regressive dolomites and
transgressive dedolomites.
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The mineralogy, geochemistry and stable isotope values of Lake Neuchatel trap sediments
and adjacent rivers suspension were studied to better understand the relationships between
calcite precipitation and its isotopic variations.
The mineralogy in suspended matter of the major inflowing rivers shows an imponant
contribution of carbonates, predominantly calcite with minor amounts of dolomite, ankeritc and
Fe-dolomite.
Material ta.ken from the sediment traps shows an evolution from practically pure endogenic
calcite in summer (80-90% carbonates) to higher percentage of detrital material in winter (4060% carbonates). The quantity of allochthonous calcite can be estimated comparing ratio
Ank+DoVCc in the inflowing rivers and in the traps. Sediment fluxes are higher during the
autumn, which is attributed to increasing resuspension.
Isotopic values of carbonate from sediment traps at different depths and different sites are
more positive in winter than in summer. This trend can be explained as a change in isotopic
composition of water, change in temperature, and/or change in the importance of detrital inpJJt.
Samples taken near the river inflow are generally more positive than the others, showing the
dctrital effect.
Winter and summer water samples were analysed (this work and Schwalb, 1992). No
significant variations are detected. The temperature of lake water was measured regularly.
Using the isotopic.composition of size fractions (<2, 2-6, 6-20, 20-60, >60µ.m), the isotopic
composition of water, temperature meaurements, and flux measurements one can identify three
components of carbonates: new endogenic calcite, "old" endogenic calcite (resuspended), and
detrital calcite. Fractions >60 and <2µm have the highest percentage of detritus. Fractions 2-6
and 6-20µm are typical for the new endogenic calcite in summer, calculations assuming isotopic
equilibrium with local water. In winter they show the same values, indicating resuspension.
Unexpectedly, in summer resuspension effects are importanL Using flux measurements and
stable isotope it may be possible to further quantify this resuspension effect .
References:
Schwalb, A. (1992) Dje Sedimente <ies Lac de Neuchiitel CSchweizl: Rekonsquktion spit- und
post&Jazialer Klima- und Umweltvcrlinclerungen. These de doctorat, Univ. de Neuchitel.
This study was financied by the PNR 31 (n. 4031-033204) and by the FNRS (FN n. 2037498.93)
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Sedimentation during the Barremian (Lower Cretaceous) in the Southwestern Iberian
Basin took place under rifting distensive tectonic conditions, subtro~ical climate conditions
with alternating wet and arid seasons and, mainly, in continental alluvial, palustrine and
lacustrine) environments. The basin was subdivided in many small su -basins of semi-graben
type with different subsidence. Las Hoyas was one of these asymmetrical sub-basins, filled
with 300 m. of alluvial and lacustrine sediments that belong to 11La Huerguina Limestones"
Fm. Three sedimentary stages have been distinguished in Las Hoyas Sub-basin: 1- Carbonatic
and siliciclastic deposits of distal alluvial plains with palustrine areas and ponds. 2- Carbonatic
deposits of lacustrine areas. 3- Carbonatic and siliciclastic deposits of distal alluvial plains
and marginal lacustrine areas. After the third stage tectonic extensional pulses enlarged
repeatedly the sub-basin towards the southwest and two more lacustrine sequences, very
similar to the sequences of the second stage, were developed.
Rhythmic carbonate lacustrine laminites were deposited during the second stage, that
is 150 m. thick. It is composed of thin decimetric sequences of massive charophyte limestones
originated in small and very shallow lakes and two shallowing upward sequences belonging
to an extensive (several square kilometers) hardwater lake. Repetition of the shallowing
upward sequences is thought to be tectonically controlled, as well as the two more recognized
sequences after the third stage. These sequences range from 25 to 30 m. in thickness and
consist of three facies: Rhythmically lammated limestones, irregular slabby limestones and
massive charophyte limestones from base to top. The facies show vertical and lateral gradual
changes between them. They have been interpreted as the distal, intermediate and shallow
facies belts, respectively, of the lacustrine system. These systems were established in vegetated
plains drained by surface and ground waters. Source areas were mainly composed of Jurassic
marine limestones. They have been interpreted as hardwater shallow lakes with dysaerobic
bottom conditions and surrounded by marginal lacustrine and palustrine areas.
General paleoenvironmental conditions did not change signiticatively throughout the
time of filling of the systems and fluctuations in lakes level have not been recognized.
The facies analyses have revealed that the main sedimentary features of the lakes were:
-High productivity of carbonates. The main sources of carbonates were bioinduced
precipitation and allochthonous influxes of carbonate leached from source areas, in addition
to a small percentage of physic-chemical precipitation within the lakes.
-Presence of allochthonous inputs of terrestrial organic matter and detrital reworked
bioclastic and intraclastic carbonates. Siliciclastic inputs are absent. Arrival of allochthonous
inputs took place during rainy seasons. No organized fluvio-lacustrine deltaic systems have
been recognized; however, small deltaic lobes could have developed.
-Predominance of reworked and traction-deposited carbonate f acies in all of the
paleoenvironmental belts is thought to be related to seasonal storms. During rainy seasons,
periodic storms induced reworking and transport of sediments from shallow to deeper and
distal areas of the lake. Sporadic seismic movements (tectonic activity was important as
recognized by the frequent synsedimentary deformation structures of deposits) could have also
triggered reworking and traction of carbonates.
As a conclusion from the general characterization of the Las Hoyas lacustrine systems
outlined above, we may say that episodic sedimentation dominated over background
sedimentation. The same conclusion derives from the studr of the rhythmic limestones
deposited under oxic to dysaerobic conditions in the distal fac1es belt. They show millimetric
varve-scale laminations, with alternating dark and clear laminae. From the sedimentological
point of view the microfacies recognized of the rhythmic limestones correspond to distal
deposits of dense turbiditic flows and distal storm beds, interlayered with background
sedimentation layers (laminae of decantation and precipitation of carbonate). Sequential
arrangement of microfacies does not show any clear tendency but a succession of eventual
allochthonous deposits separated by shorts periods of non-sedimentation or background
sedimentation. Therefore, rhythmicity of the carbonate lacustrine laminites of Las Hoyas is
interpreted to be discyclic and controlled by autocyclic factors.
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In the lignite districts of eastern Germany (fmmer GDR) surface mining of brown coal has been
reduced in the past, dnmmatically. The remaining open hollow forms (several hundreds)
caused by mass loss of some billion tons are filled now mainly by the rising water table. In
some cases filling with river water has been suggested. Special environmental problems are
caused by both solutions which are euttophication, salt water mixing or acidification by sulfuric
acid. The latter one is object of this study. Due to pyrite oxidation processes in the surrounding
heaps sulfuric acid infiltrate most of the created lakes. This process generates typical pH-values
between 2 and 3, high iron and sulfate concentrations in the lake water. The low pH, high Fe
and Mn contents and the resulting rising turbidity of the lake water results in a low biological
structure and diversity.
In 1995 the Institute for Inland Water Research started investigating the limnological and
limnochemical evolution of this type of mining lakes in the Lausatian lignite district, sponsored
by the Federal gouvemment of Germany. In 1994 a limnological survey of four mining lakes
with various swes of acidification was canied out in order to get an idea about the vertical
distribution and seasonal variation of water constituents in a one-year period. To study mass

transfer in lake environments the sediment has to be taken into consideration because of its
important role as a source and depot for nutrients or metals. The highest amount of mass
transfer and clement interchange actions occur at the sedirnent-water interface. Therefore
sediment samples of the four mining lakes were dregded once during the survey. In ordcr to
estimate the vertical element distribution in the sediments cores of the dregdcd samples were
taken in 2 cm slices. The sediment samples were frczze dried immediltcly after tranSpOrt to the
Institute. For the main components RFA analyses were pcrfonned on the whole sample after
sieving (< 2mm) and homogenization. For analysis of ttace elements digestion with HCJJHN03
in a microwave oven and measmements by ICP-OES were done on the whole sample as well as
on the slices.
Preliminary results of the trace element distribution in sediments of four lakes with different
grade of acidification will be presented. Discussion of the results will be given with respect to
the clement distribution in the water column.
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The Upper Freeport Formation (UFF) (Upper Allegheny Group, Middle
Pennsylvanian) is one of the earliest nonmarine cyclothems in the Appalachian Basin (USA)
and is composed of carbonates, siliciclastics, and coal. A detailed facies analysis of 25
limestone cores along with detailed subsurface data from the UFF in western Pennsylvania
(Armstrong and Indiana Counties) identified a large lacusttine/alluvial complex drained by an
anastomosed fluvial system containing a mosaic of subenvironments, including multiple
channels and freshwater siliciclastic and carbonate lakes on a siliciclastic floodplain evolving
with time into soils and peat bogs. The appearance of lacustrine carbonates in the Alleghenian
continental cyclothems has been atttibuted to a change in climate from tropical wet to a
seasonal tropical or even "relatively dry" climate which limited the input of siliciclastic material
and allowed evaporative concentration of carbonates. However, direct and indirect lines of
evidence for a uniformly wet climate throughout UFF time include: facies relationships,
petrographic analysis of the coal, the presence of flint clays and fireclays on the alluvial plain
which suggest tropical soil development, preservation of a diverse aquatic vertebrate fauna in
the UFF in eastern Ohio, and abundant laminated lacustrine carbonates exhibiting relatively
little alteration due to subaerial exposure.
The stable isotope geochemistry of the UFF carbonates provides fmther support for
our scdimentologic model as well as a wet climate throughout UFF cyclothem development.
Absence of covariant trends and a relatively small range of aiso values (-2 to -6 PDB)
indicate an hydrologically open system and a short residence time. Latirude effects can be ruled
out as explanation for the light isotope values because of the equatorial paleolocation of the
study area. Paleoprecipitation should be similar to today's in equatorial regions (because
oxygen isotopic composition of the UFF limestones are close to predicted paleoprecipitation
for the Pennsylvanian equatorial regions with a1so values between -2 and -4 PDB (ocean
water paleocomposition was similar to today's as well). Combined continentality and altitude
effects (the east-west trending equatorial Allegheny mountains) could account for the lighter
values. Evaporative concentration of lake waters had no significant effect, as proven by the
absence of any significant increase in oxygen isotopic composition, even in the UFF carbonate
facies showing more subaerial exposure textures (breccia facies).
The association of heavier values with anoxic subenvironments indicate influx of
methanogenic carbon from early bacterially-derived 04 produced in the fermentation zone
(strongly anoxic). The suggested CC>ITelation between heavier ol3C and increasing depth of
deposition illustrates water stratification: oxidizing shallow waters (massive and banded facies)
and anoxic deeper waters Oaminated and clay-rich facies). These interpretations agree with the
scdimentologic evidence for an alkaline, mcsoaophic to eutrophic meromictic paleoenvironment for the UFF carbonate lakes, where biogenic interactions are expected to be the
main factor in the carbon isotopic budget
Because sea level change and large-scale climatic change are not major variables
controlling continental deposition in the UFF Alleghenian cyclothem of western Pennsylvania.
cyclothemic patterns in the area are attributed to the evolution of an anastomosed alluvial
system mainly affected by subsidence (tectonics) in an active foreland basin. The projected
time scale of deposition (using modem analogs) of one "cycle" is less than 10,000 years.
Combined sedimentologic and isotopic data do not support any claim of reduced effective
moisrure (precipitation - evaporation) during periods of carbonate formation.
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In using various scdimentologic and tectonic models in the interpretation of thick
nonmarinc carbonate deposits in continental systems, most researchers employ inconcct basic
assumptions about the behavior of carbonates "on land". Much marine carbonate dogma docs
not apply to continental depositional systems. How and why carbonates accumulate in large
quantities in continental basins need to be addressed. Two incorrect assumptions used in the
literature arc: (1) nonmarine carbonates form only in evaporative situations, and (2) nonmarinc
carbonates form automatically and exclusively when siliciclastic input is absent. The fJISt
assumption mandates that carbonate precipitation must herald a change in salinity since large
quantities of carbonate arc not normally produced in freshwater. The second assumes that vast
quantities of carbonates would precipitate out of freshwater if only given the chance. Both
erroneous assumptions arc based on the chemical activity of marine waters, which is much
different than variable freshwater, while ignoring the most important controlling variable •
source area, which determines the actual chemistry of the waters.
It is true that carbonate precipitates in saline lakes because of the change in the activity
of ions. However, carbonate precipitation also occurs in freshwater lakes when pH is affected
by plants, algae, and invertebrates. Lake stromatolitcs and carbonate benches in lakes attest to
the effectiveness of biochemical activity. Large amounts of calcite can only precipitate out of .
freshwater. usually with the help of organisms, if it is saturated to supersaturated with the
appropriate ions. If the source area does not contain the appropriate rocks, carbonates or calcic
basement rocks, then the normal amount of ions in rainwater is not sufficient to precipitate large
quantities of carbonates. When carbonates compose the provenance rocks, the fresh water
becomes supersaturated and large quantities of carbonate can be biochemically precipitated over
a long period of time. Indeed, if the source area contains predominately carbonates, then
siliciclastics could be "overwhelmed" by the carbonates in the depositional system. Many
nonmarine carbonates arc not as "pure" as those in the marine; some can have up to 60% or
more siliciclastics. This indicates that both siliciclastics and carbonates arc 'elastic' in nature and
the final composition of sediments depends on their relative amounts in the source area.
Obvious elastic carbonates, such as carbonate conglomerates and grainstones, have been
observed in small basins. In larger basins, however, with distal reaches in the hundreds of
kilometers, carbonate bedload may not survive. With itS high reactivity at surface temperature
and pressure, carbonate is subject to dissolution. Only suspended and dissolved load would be
able to reach distal regimes and there settle out and precipitate biochemically. Siliciclastic clay
also reaches distal areas as suspended load Because these two elastic products are similar
hydrodynamically. distal deposits of siliciclastic clay and carbonate in freshwater systems can
be contemporaneous, not mutually exclusive. With this in mind, here are some 'rules'
governing thick carbonate deposition in freshwater systems: (1) carbonates arc actually a
combination 'chemical' and 'elastic' deposit, (2) thick carbonate deposits can occur when the
source area contributes the appropriate ions in large quantity, and (3) carbonates and
siliciclastics can be deposited together concurrently as distal elastic deposits.
Cues in tectonic and climatic factors can be gleaned from observations of the entire
elastic package - siliciclastic and carbonate. A change from siliciclastic to carbonate deposition
or changes in the relative volume of both types of deposits in the distal reaches of a basin may
indicate shifts in the source area due to tectonics, not necessarily the elimination of the sediment
input. Hundreds of meters of palustrine carbonates may indicate a carbonate provenance and
continual basinal subsidence.The characteristic features of the carbonate, after Platt and Wright
(1992), is the best measure of climatic controlling variables in a depositional system because
palustrine carbonates (as elastic carbonates) can accumulate in a whole range of climatic
conditions.
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The Shuttle Meadow Formation is one of four fonnations interbedded with basalt flows
comprising the Triassic-Jmassic fill (Newark Supergroup) of the Hartford Basin of
Connecticut and Massachusetts, U.S.A. At Plainville, CT, in the central part of the basin, a
well-exposed sequence about SOm thick of the upper portion of the Shuttle Meadow Fonnation
contains massive mudstones (Fm), disrupted calcareous shales (Fl3), ripple cross-laminated
muddy siltstoncs (Fr), fine- to medium-grained sandstones (Sh), and rare limestones (Pm).
Facics Fm, Fr, and Sh, comprising approximately 90% of the Shuttle Meadow Fonnation at
this locality, are mostly red to buff in color. They are interpreted as an ephemeral alluvial plain
system with shcctflooding as the dominant depositional mechanism. Sheet morphology is
exhibited by the red muddy siltstone beds as well the rare arkosic sandstone units. Fmingupward and powering~down sequences topped by mudcracks and paleosol development
indicate episodic, catastrophic sedimentation packages. Pedogcnic processes midily altered
this very muddy shcetflood plain; pedogcnic mud aggregates, quartz, and feldspar comprised
the major grain components.
In the lower portion of 50m-thick sequence at Plainvill.e, about 10% is represented by
Facies Fl3 and Pm (calcareous shales and micrites). These are interpreted as playa mudflat to
carbonate pond sediments. This palustrine sequence .is shown below.
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The two Shuttle Meadow limestone layers in the lower portion of the exposed sequence
at Plainville, CT occur above disrupted calcareous shales (Fl3) containing thick carbonate
laminae and are topped by paleosol mudstones. The two carbonate beds, which average 30cm
in thickness, occur as lenses approximately 50-1OOm long. Micritic in texture, rare faint
osttacodes float in the matrix. Most original sedimentary structures have been obliterated by
many stages of root penetration (rhizoliths) and accompanying rhizobrecciation. Rhizolith fills
include calcite and gypsum cement as well as clay. The two micrite layers are separated by a
shcetflood deposit - ripple cross-laminated sandstone to muddy siltstone. According to the
climatic model of Platt and Wright (1992), this carbonate was developed within a semi-arid to
intennediate climate. This interpretation is supported by the climatic information gleaned from
the surrounding siliciclastics.
The "deeper" lake sequences of the Shuttle Meadow Fonnation, stratigraphically
located at the bottom of the formation, contain large quantities of carbonate - substantially more
than any other formation containing lake sequences in the Hartford Basin. This unusual
characterisitic as well as the unique occurrence of carbonate ponds may indicate the erosion of
a different source area which contained a high amount of carbonate. With paleocunent
measurements recording a north-nonhwest source area, the provenance area during Shuttle
Meadow time might have been the Cambrian-age Stockbridge Marble presently located to the
northwest of the Hartford Basin.
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The Rieti basin is located at about 400 m a.s.l.. in the Central Apenninic chain. 80 km far
from the Tyrrhenian coast-line. It is bordered to the west by the Sabini Mts. and to the east by
the Reatini Mts..
Recent palaeontological and sedimentological studies on the Upper Pliocene-Lower
Pleistocene continental deposits have shown the existence of a wide brackish marsh localised
in the northern sector of the basin (Barberi et alii, in print). This marsh was influenced by the
Early Pleistocene Tyrrhenian sea. with a coast-line located at 375 m a.s.l. on the reliefs of the
Namesi-Amerini and Sabini Mts. (Girotti & Piccardi, in print).
The osttacofaunas have allowed to recognise several variations in the water salinity that
could be related to as many Early Pleistocene sea-level changes.
In this work the results of a detailed analysis of the collected osttacofaunas are discussed.
Five sections outcropping in the northern sector of the basin (Case Strinati, Fosso Filundici,
Apoleggia 1 and 2, Colle Cavaliero) were sampled with a frequency of one sample every 30
cm. 250 g of sample was washed. sieved with a 0,125 mm sieve-mesh and ostracods were
hand-picked and determined. General indications on the salinity variations in the water
chemism are given by the repeated altemance of two associations. The first is characterised
by a very abundant ostracofauna dominated by Cyprideis torosa, typical of brackish waters
influenced by NaCl, which is accompanied by Candona angulata, flyocypris bradyi and
Cypria ophtalmica. The second assemblage is less rich in specimens and several species of
fresh-water Candoninae are present (Candona candida, Candona cfr. C. levanderi,
Candonopsis cfr. C. kingsleii, and Pseudocandona cfr. P. parallela) flanked by flyocypris
bradyi and rare valves of Cyprideis torosa.
With the aim of stimate the paleo-salinity range of this brackish marsh and evaluate the
amount of the variations in salinity, the different percentages of sieve-type pore canals on the
Cyprideis torosa valves were investigated (Rosenfeld & Vesper, 1977) and a paleo-salinity
curve ranging from 0,7%o to l,5%o has been traced.
A comparison has been made with the paleosalinity estimated for the coheval braided plain
of the Tiberino basin, located NE of the Rieti Basin and partially communicating with the
Early Pleistocene Tyrrhenian.
REFERENCES CITED
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In 1970 a nearly 500 meter core was drilled near Kleinsaubemitz (East Saxony/
Germany) in account of a gravimetric anomaly. In about 300 core meters the history of
an Upper Oligocene maar lake is documented nearly completely. The overlaying 200m
represent the typical Miocene sequence of Lusatia including four main coal seams.
The maar eruption caused a water filled depression of about one square km extension
and at least 350 meters depth. The lake sediments consist of:
-allochtonous
-autochthonous
- autigenic
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(elastic material from the surrounding rampart [lapilli, ash, xenoliths,
clay minerals], plant detritus and pollen grains)
(Chlorophyceen remains, diatom ftustules, sponge spicules;
Chrysophyceen cysts; siderite crystals) and
(opal-CT; different phosphates; pyrite framboids) components.

The normal lake sediments are dominated by autochthonous components (mainly algal
remains) according to the structure of a maar (high rampart, deep lake, very small
catchment area). In the early history oil shale (about lOOm), later diatomite (about
200m) was deposited. Both are characterized by a very fine saisonal lamination. This
pattern is interrupted by siderite layers in irregular intervals.
From time to time parts of the rampart slipped into the basin, incorporated lake sediment
and formed debris flows and turbidites. Heavy rainfalls washed the new formed clay
minerals from the surrounding volcanoclastics into the lake causing distinct clay layers.

In general the content of the lake sediments in volcanogenic material decreases to the top
corresponding to the supposed flattening of the relief. On the other hand the content in
diatoms increased, ending up in nearly pure diatomites representing the upper two thirds
of the lake history. A diverse and well-preserved leaf and fruit flora (about 1500
specimens) could be collected from this part of the core.
All the features of the maar lake sediments fit into the model of a meromictic subdivision
of the water column during the filling of the crater. The oil_ shale of the Kleinsaubernitz
core resembles in many details (saisonal blooms of Tetraedron causing lamination,
precipitation of siderite crystals in the monimolimnion, opal-CT lepispheres in the
cavities etc.) the famous Messel Oil Shale.
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A moderately diverse arthropod ichnofauna occurs in Pennian ephemeral lacustrine deposits of the
Paganzo Basin that crop out at Bordo Atravesado, Cuesta de Miranda, Western Argentina.
Sedimentary successions are thought to record deposition in a playa-lake complex located within
peripheral areas of a large Pennian erg system. Deposits include three sedimentary facies: {A)
Laminated siltstone and mudstone, (B) Current rippled cross-laminated very fine-grained
sandstone, and (C) Climbing and wave rippled cross-laminated fine-grained sandstone. Facies A
may display associated gypsum levels, mud cracks and raindrop imprints, and is interpreted as
having been deposited from suspension fall-out in shallow lake to playa mudflat settings. Facies B
occurs as thin, sharp-based beds and is regarded as distal flood deposits (inundites) within the
lake complex. Facies C may show load casts and flute marks at the base and is commonly casting
desiccation cracks formed in the underlying fades A mudstones. It is thought to record sheet flood
deposition under wave influence within the playa lake complex.
The Bordo Atravesado ichnofauna includes Micandaichnium famatincnse, Umfolozia sinuosa,
Umfolozia cf. U. lon&ula. Merostomicbnites aicuiiai, Palaeopbycus tubularis, Rusopbycus isp.,
Monomor.phichpus isp., Diplocraterion isp., Koupbjchnium? isp.. and cf. Bcaconjchnus
darwinum. The assemblage is largely dominated by arthropod trackways. Trace fossils are mostly
preserved as hypicbnial ridges on the soles of facies C beds. lchnofossil preservation was linked
to rapid influx of sand via sheet floods entering into the lake. Different taphonomic variants can be
detected related to substrate consistency and time averaging involved. Type 1 is recorded by the
presence of low density assemblages consisting of poorly-defined trackways, which suggests that
arthropods crawled in soft, probably slightly subaqueous substrates. Type 2 is represented by low
to moderate density suites that include sharply-defined trackways commonly associated with mud
cracks, suggesting that the tracemakers inhabited a firm, desiccated lacustrine substrate. Type 3
differs from type 2 only in that assemblages display an extremely high density of traces. recorded
by numerous superimposed trackways, which suggests a major time gap of subaerial exposure
before sheet flood entrance. Therefore, type 3 surfaces are mostly interpreted as tracked omission
surfaces.
The Bardo Atravesado assemblage represents an example of the Scoyenia ichnofacies.
Comparisons with ichnofaunas formed in similar environments during the Mesozoic suggest an
increase in back-filled feeding traces and a decrease in ttackways.
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Our a1m is to study the Paleoclimatic changes in areas bordering the Thar. Of
particular interest is the observation by Goudie (1973), on the basis of dune shifts,
that the Thar desert extended 350 Ian. eastwards of it's present limits. With a view to
chronologically assess the cllmatic changes in this arid/semi-arid transitional zone,
we have raised a 54 m. long core from Nal Sarovar which lies in the SW margin of
Thar. Additionally a series of trenches were also dug in the lake bed. The core
sequences comprises three Utho-untts, viz.,
1.

Lltho-Unit 1:

organic mud ( 0-4 m.), base sample radiocarbon
dated to 7 kyr.

2.

Lltho-Unit 2:

sand horizon ( 4-18 m. )

3.

Lltho-Unit 3:

silty clay horizon ( 18- 54 m)

The top organic material rich Lltho-µntt 1 shows evidence of climatic change,
in the form of a mollusc rich layer. corresponding to the time interval 7-4 ka B.P. This
high producttvtty horizon also shows a high concentration of soluble salts. We are also

analysing Llthountt 1 to determine the stable isotope (~1 5c) and C/N values of organic
matter to obtain a clear picture of climatic changes in this region.
A sudden increase in magnetic susceptibWty is observed at a depth of
3.63-4.30 m.. due to influx of primary magnetic minerals, indicating a change in

soW'Ce area.
Owing to absence of organic matter in Utho-untts 1 & 2, radiocarbon dates
were obtained on carbonates. at and below a depth of 16m. all of which consistently
gave an radiocarbon age of>38 ka B.P. For Lltho-untts 2 and 3 our studies towards
thermoluminescence dating showed insufficient bleaching suggesting a deposition
under a high energy fluvial regime. Because of this Optically Stimulated Luminescence
(OSL) dating was attempted, where even a minutes' sunlight exposure is enough to
zero the geological OSL signal. Prellminaly results indicate an age bracket of 10-50
ka for Lltho-units 2 & 3.
Results obtained so far will be presented.
Reference
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Botryococ:cus is a green. unicellular. freshwater microalga which grows to fonn colonies of
different shapes and sizes. lts development is closely related to environmental and climatic
conditions. 1t is known to occur from the Precambrian to the present day. Thus fossil
developmental stages of the microalga can be used, by analogy with the modem. to help
interpret palaeoecological conditions and depositional processes (Guy-Ohlson. 1992).
Numerous Botryococcus colonies have been recorded in samples from the lithostratigraphical
unit known as the Vitaback Clays (Annero Formation) at Eriksdal in the Vomb Trough of
south-eastern Sweden.
The excavated sub-surface section, from which the samples have been investigated. is
characterised by differently coloured alternating beds of predominantly argillaceous nature with
occasional sandstone interbeds and in which it has been possible to determine
biostratigraphically (using molluscs, ostracods and palynomorphs) a transition in the sediments
from Jurassic to Cretaceous age (Erlst:rOm et aL, 1991). Infill sequences, washover fans and
pedogenic horizons together with faunal and floral elements indicate deposition within
freshwater-brackish-marine environments such as coastal plains. lakes and lagoons. The
dispersed palynomorphs, mainly pollen grains and spores, which were derived from the
contemporary parental coastal plants. provide the most complete palaeontological
documentation of the transition. From the variation in the vegetation throughout the section it is
possible to suggest a climatic change to more humid conditions (Edstrom et al.• 1994).
The aim of this presentation is to illustrate how an ultrastructural study of the preserved
microalgal developmental stages found in the investigated samples can be used to interpret with
fine resolution the lacustrine conditions under which these sediments were deposited. Different
developmental stages have been recorded for specific samples and can be correlated with the
other observed vegetational changes which, in tum. can be associated with climatic changes.

Erlstr(jm, M .• Guy-Ohlson. D. & Sivhed, U., 1991: Upper Jurassic - Lower Cretaceous
petrography and stratigraphy at Eriksdal, southern Sweden. Sveriges geologiska
undersokning, Ca 78: 1-59.
Erlstrom, M.• Guy-Ohlson. D. & Sivhed. U., 1994: Palaeoecology and sedimentary
environments of the Jurassic - Cretaceous transition beds in Sweden. Geobios. Memoire
Special 17: 671-678.
Guy-Ohlson. D.• 1992: Bntryococ:c:us as an aid in the interpretation of palaeoenvironment and
depositional processes. Review of Palaeobotany and Palynology, 71: 1-15.
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The aim of the present project, sponsored by the Hungarian National Science Foundation
(OTKA NO. F7373), was to introduce sulphur, carbon and oxygen isotope measurements for
late Miocene Pannonian brackish lake deposits.
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The del. 34S ratios of 40 pyrite and marcasite samples are at an extremely wide range,
from -42.8 to + 19.6 permit. Disregarding the few samples of hydrothermal origin the
frequency distribution of data is unimodal. The +O. I perm ii mean value is much more
positive than average marine data (-20 ... -30 permit). The explanation is that the low sulphate
concentration of the brackish water was a limiting factor in bacterial sulphate reduction and
in the fractionation of sulphur isotopes. In addition, the prevailing deltaic sedimentation was
characterised by extremely high depositional rates (500-2000 m/Ma). Sedimentary pores
closed rapidly which hindered the continuous sulphate supply from the overlying water. As a
consequence heavy pyrites were formed through the repeated redistribution of 34S. The
"isotopic pool" model can not be excluded as an alternative answer for depleted isotopic
composition. Between 13-9 Ma the Pannonian inland sea was totally isolated and deep,
periodically anoxic "starving" subbasins developed with organic- and pyrite-rich pelitic
sedimentation. Unfortunately, primary sulphate minerals are totally absent from this sequence
to check the theory.
Dolomarls, dolomitic mudstones and dolomites were penetrated by several continuously
cored deep boreholes in the late Miocene sequence. The 0.1-2.0 m thick massive, greenish
grey, grey or dark grey lenticular, laminated PaMonian ferroan dolomites were deposited in
delta plain and lake environment. Both the coexisting calcite and dolomite phases were
measured for their carbon and oxygen isotopic composition in 82 samples. A wide spectrum
of del. I3C and del. 180 values of the dolomites were observed: -28.9 to +I 5.6 and -10.6 to
+4.1 permit, respectively. On the C/O crossplot diagram the two groups of data clearly show
the early diagenetic zones of sulphate reduction and methanogenesis. A limited number of
samples show the isotopic impact of burial decarboxylation. In the two latter group the del.
I3C values of dolomite phases are 2-3 permil higher than the coexisting calcites, in
accordance with the direction of diagenetic processes. In contrast, the del. I3C values of
dolomites formed during bacterial sulphate reduction are 3-6 permit lower than that of the
calcites. Besides diagenesis the depleted del. 180 values in general provide an evidence of
the diluting effect of terrestrial waters entering the Pannonian lake.
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The identification of two mid-Paleocene lakes (Naajaat and Assoq) on Disko and Nuussuaq,
West Greenland, represents a challenge to the spore-pollen biostratigraphic resolution. Can
we determine the relative age relationships of these two lakes? New studies of the basalt
stratigraphy suggests that the Naajaat lake is older than than the Assoq lake and that the
magma composition changed significantly in the period between the existense of the two
lakes (Pedersen, Larsen and Pedersen, this volume). A palynological study of samples from
both lakes has identified 66 species of spores and pollen. The total composite assemblage
indicates a mid-Paleocene age.
What are the similarities of the palyno-~emblages from the two lakes?
Both assemblages contain specimens of stratigraphically important mid-Paleocene species
such as Momipites actinus and Caryapollenites wodehousei.
Both assemblages are dominated by palynomorphs of terrestrial origin, whereas remains of
lacustrine plants (and algae) are rare and poorly preserved. Pollen of Taxodium spp. are
abundant and indicate a humid, temperate climate with mean annual temperatures of 1O-l2°C
and a mean annual precipitation of 900-1000 mm pr. year.
·
What are the differences?
The palynomorphs from the Naajaat lake arc generally poorly preserved with many small
~ ..
holes in the exine either due to physical or biological degradation.
The spore-pollen assemblage from the Assoq Lake has a greater diversity and angiosperm
pollen are common to abundant in the samples.
The stratigraphically important pollen lnsulapol/enites rugulatus (mid-late Paleocene) is
only observed in deposits from the Assoq lake, although only a few specimens were
recorded.
Conclusions

The palynological investigation suggests that both lakes existed during the same floristic
period and cannot conclusively establish a difference in age between them. The differences in
palynofacies and preservation reflect variations in water depth, distance to shoreline and
sources of vegetation. The variation between samples in each of the lakes is notable and it
cannot be inferred that the depositional environment of the Naajaat lake was significantly
different from that of the Assoq lake. The present study demonstrates that the lacustrine
palynomorph assemblages arc little affected by changes in the volcanic terrains adjacent to
1
the lakes.
"~ •
Pedersen, G.P.. Larsen. L.M.. & Pedersen, A.K. l 995. Syn-volcanic lacusttine deposirs in lhe Tertiary of West
Greenland. (this volume).
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MID WEICHSELIAN PERIGLACIAL AND LACUSTRINE ENVIRONMENTS IN
THE WESTERN BALTIC BASIN
Michael Houmark-Nielsen
Geological Institute, University of Copenhagen, Denmark
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The Late Pleistocene geological history in the western Baltic has been revised and
extended through examination of exposed cliff sections along the coast of Men, SEDerunark. Multidiciplinary studies including lithostratigraphic classification, analyses of
glaciotectonic structures, biostratigraphic studies, amino acid chronology and radiocarbon
and luminescence dating indicate the following:
A shallow and boreolusitanian sea that characterize the Eemian interglaciation (130 - 115
lea BP) was followed by periglacial conditions with solifluction and redeposition of marine
sediments during the Early Weichselian (115 - 75 lea BP). In the early part of the Middle
Weichselian (75 - 40 ka BP) glaciers from the Fennoscandian shield invaded the region
twice through the Baltic depression, however, interupted by an ice free and periglacial
interval around 50 ka BP. The first ice stream left a reddish coloured till dominated by
exotic rock-types of eastern Baltic provenance. After glacier melting, fluvial erosion and
subaerial frost action a rise in water table led to deposition of bedded sand and laminated
mud. A second glacier advanced through a water fdled depression and left a till of Baltic
provenance.
From about 40 ka BP to slightly before 20 Ka BP ameliorated conditions with periglacial
terrestrial and lacustrine environments are recorded. Deglaciation took place under
subaequous conditions that eventually gave way to deposition of lacustrine mud and minor
quantities of fine sand both containing remnants of a subarctic flora and fauna. Terrestrial
and limnic macrofossils include Carex, Salix, Betula nana, Dryas octopetala, Succinea
and Lemmus as well as Ranunculus, Daphnia, Lymnea, Gyraulus and Pisidium. Pollen
analyses indicate high percentages of Cyperaceae, Poaceae and Artemisia. Ericales,
Filices, and Betula are present in notable but upward decreasing numbers and Juniperus,
Salix, Pinus and Thalictrum are present in very small quantities. The evidence from Men
indicate that a lake basin in the western part of the Baltic was surrounded by a low releif
mammoth-steppe with an almost treeless vegetation of grasses, sedges, heather and dwarf
shrubs. Washing out of terrestrial biogenic material was accompanied by deposition of
aeolian sand and silt resembling sand loess that was blow into the lake.
Increasing amounts of bedded and muddy diamict deposits in the upper lake sediments that
are dominated by Palaeozoic shale and limestone and with absence of local rock sources
found suggest ice-rafting in the basin by the end of the late Middle Weichselian. The
provenance of clasts and the sedimentary setting suggests that glacial debris was launched
from a glacier front and transproted by floating ice bergs in a regionally confined basin
eventually to settle as subaqueous sediment gravity flows. Deposits suffered strong
glaciotectonic deformation during the Late Weichselian (25 - 10 ka BP) glacial maximum.
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The modem Ak§ehir lake is located in the SE of the closed Akar~ay basin. The
character of the basin is semi-graben. The lake has brackish water and hosts elastic
deposits. It is the remnant of the pluvial lake of Pleistocene. This study aims at
investigating the characteristics of the elastic sediments, grain-size and factors controlling
deposition. Also, the evolution of kale from Holocene to the modem time is explained. The
lake is located in a semi-arid climate region. The deepest point in the lake is 4.35 m. The
lake has a surface area of 177 km square and surrounded by a reed zone of 150 to 2500 m
in width. A great volume of water (ephemeral stream) and sediment loads are brought into
the lake mainly from Sultandaglan terrestial features as well as lakes internal properties.
The old lake sediments were compared with the modem deposits. For this purpose,
sediment samples collected from 69 stations by a grab-sampler and coring tube were
analyzed.
The entire lake bottom including shores with macrophites is covered by fine
grained mud. Generally, the sediments of open-lake area are rather coarse-grained (5 to 40
microns) than margins'. In shores, clay-size sediments make laminae and some are
intercalated by coarse silts. In southern margins only sandy gravel deposits occur as a
narrow belt, moreover they are still accumulated by deltaic processes. Alluvial fan deltas,
made by streams bed load deposits, stretches in area between deltas and mountain skirt. In
the far northern bay of the lake, evaporitic sediments (thenardite) have been ephemerally
deposited. These areas look like a playa. The old lake deposits occur in the form of thin
layer or nodular evaporitic sediments. They are decrease uphill.
The sediment distribution of Ak§ebir lake is different from the classic models of
elastic basin, where grain-size gets fmer towards the inner lake. Clastic sedimentation in
modem Ak§ehir lake has been controlled mostly by reed zone in the margins and wavedriven currents. The macrophites in the recd zone stopped the coarse-grained sediments
coming from the land acting, like a sieve. The standing water within these zones holds
only the finer suspended sediments. On the other hand, during storms waves strongly affect
the lake bottom and the suspended sediments are transported by waves and wave-driven
currents to the margins. Consequently, the inner lake bottoms are swept from clayey
sediments by the wave action
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The composition and thickness variation of annually laminated sediments was studied in three
large boreal lakes. Finnish lakes are non-calcareous and major part of their sedimentary
organic matter is originated from the catchment The lakes represent different nutrient status
(Lake PWljlrvi - oligotrophic, Lake Plijlnne- mesotrophic, Lake Pyhljlrvi- eutrophic). The
440 to 840 years long varve thickness records were smoothed with 10-years moving average
and compared with the Helsinki mean temperature (1829-1992) and precipitation (18441992) by means of paired Pearson correlation coefficients. Funhermore, the length of icecover time in the nearby lakes (1834-1959) and the sediment chemical and physical
properties were tested against the varve thickness data by means of Spearman correlation
coefficients.
The accumulations of both organic matter and allogenic elastic components increase in thick
varves. Furthermore, in Lakes Pfiljiinne and Pyhljlrvi, bioproduction follows the fluctuation
accordingly, and has a significant control on varve thickness. This can be interpreted from the
indices of the origin of organic matter (biogenic silic~ N:P and C:N ratios). The Cu:Zn and
Fe:Mn relations are clearly negatively correlated with varve thicknesses, which points to
better oxygen condition in hypolimnion during the formation of thick varves. In all the lakes
studied, the proportions of nutrients (authigenic P, total N and organic C) have regularly
strong positive correlations with varve thicknesses.
A clear change in sedimentation occurs after the beginning of the 19th century. The
sedimentation rate has accelerated by a factor of 1.9 and 1.5 in Lakes PUjlrvi and Pfiljlinne,
respectively. The importance of allogenic elastic matter (total K, Ti and Al) controlling the
varve thickness has clearly increased. which is shown in the negative dependencies of loss on
ignitions on varve thicknesses. Funher, the positive dependencies of C:N relations on varve
thicknesses indicate an increased importance of allocthonous humus during this period. In
Lake PUjlrvi, the correlation between the proportions of nutrients and the varve thickness
has even shifted to negative, which shows that nutrients are associated with organic matter.
The varve thicknesses in all the three lakes were found to have a significant correlation with
the mean Helsinki temperature (1829-1992, r = +o.625*** -+o.800***) and precipitation
(1844-1992, r = +o.286*** - +o.605***). The climatic control is concentrated to the
beginning and end of the ice-cover period. Short ice-cover time favours thick verves. This is
funher demonstrated by significant negative com:lations between the ice-cover times and the
varve thicknesses (rs = -0.489*** - -0.636***).
In conclusion, the most probable mechanism explaining the variation in varve thicknesses
especially in an oligotrophic lake, is the prevention of wind induced resuspension during the
ice-cover time. This explains the fluctuation in allogenic elastic and allochthonous organic
matter in the varves. The clear positive correlation between the bioproduction indices and
varve thicknesses in the mesotrophic and eutrophic lakes may be explained by 1) the
diminishing of decomposition since the hypolimnion cools when the water circulation
continues long, or 2) the increase of production through the length of productive period (icefree period).
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Lake Tanganyika, the worlds second largest and deepest lake, has experienced major changes
in lake level since last glacial maximum. Lake level has been suggested to have been as much
as 600 m lower than the present-day situation. Major changes in lake level is known to cause
changes in sediment distribution and limnic structure.
This presentation will examine the variation of carbon and nitrogen isotopes of sedimentary
organic matter over the past 30.000 years. The study is based on samples from two cores
taken in the southern Mpulungu Basin (MPU3 and MPUlO) and one core taken in the
northern Bujumbura Basin {BUR20). Isotopic analyses are supported by investigation of the
organic matter under the microscope using transmitted and UV light and analyses of total
organic carbon and nitrogen, C:N ratio, and CaC03 content.
Eight samples have been dated using AMS technique. These form the basis for correlation
and have provided improved control on timing of changes in the geochemical parameters.

54

TITLE:

SEQUENCE STRATIGRAPHY AND CYCLE ANALYSIS IN THE
SEDIMENTS OF THE LATE NEOGENE PANNONIAN LAKE,
HUNGARY

NAME:

E. Juhasz, J. Bulla, T. Hamor, L. Kovacs, P. Millier and A. Toth

ADDRESS:

Geological Imtitute of Hungary, Budapest, 1143. Pf. 14.

The Pannonian Basin was formed during Neogene time in central--castern Europe. The
locally more than 5000 m thick lacustrine to fluvial basin fill ranges from 12.0-2.4, i.e.
Late Miocene and Pliocene. Pogacsas et al (1988) argued that basin filling was controlled
by eustatic sea-level changes, while MUiler and Magyar (1992) found no evidence in the
f<mil record for that. This study, supported by the HNRF (OTKA No. T7372) discusses
sequence stratigraphy and the water-level changes in Pannonian Lake. Integrated cycle
analysis, and sedimentological studies were applied on more than 8000 m of core form 9
boreholes. Numerical cycle analysis has revealed regularities in quantitative lithological data
(thickness of sand, silt, clay and coal layers).
There arc two 3rd order sequences present.· the Late Miocene and the Pliocene. In the
Late Miocene sequence four sedimentological units developed: basal transgres.9ive, lower
aggradational. middle progradational and upper aggradational units. The Pliocene sequence
consists of one aggradational unit.
The transgressive unit is 0-23 m thick, consist of poorly sorted sandstone and conglomerate.
The structureless, locally laminated and bioturbated lower aggradational unit consists of
dark grey calcareous marl, clayey silt and silt. It is 200-649 m thick, and built up with
smaller cycles. The 70-200 m thick sequence of the progradational unit is mostly claystone,
coarse siltstone and fine sandstone. Graded bedding, cnmbedding. rip-up clasts and
bioturbation arc common with smaller"'5Calc cycles. In the aggradational unit a variety of
flood plain palco-cnvironments arc present. The thickness varies from 30 to 1280 m, with
higher order upward-fining cycles.
The most common succession of the lithological units is: sand-silt-sand. Genetic units show

a regular repetition. Alternations of the mainly coarse or fined grained lithological units,
pointing to low or high water water-level, were detected with three different wave length:
3rd order with -1.4-2.0 My, 4th order with -400 Ky and 5th order with -60 Ky
oscillation.
The basic cycle suggests, that there were no major changes (hundred m in magnitude) in
the water-level The 4th and 5th order cycles can be compared to the Milankovics&Bacsak
climatic cycles caused by the eccentricity and the obliquity.
Pogacsas, Gy., Lakato.., L .• Ujszaszi, K., Vakarc:s. G., Vukonyi, L., Vamai P. and Rivblz
I. 1988: Seismic facies, electro facies and Neogene sequence chronology of the
Pannonian Basin. Acta Geologica Hungarica 31. 175-207.
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MUiler, P. and. Magyar, I. 1992: Continuous record of the evolution of lacustrine
cardiid bivalves in the Late Miocene Pannonian Lake. Acta Palaeontologica
Polonica 36. (4.) 353-372.

55

II

q
q

q
q
q

0
q
D

TITLE:

STABLE ISOTOPE STUDY OF LAKE ESROM. DENMARK: CARBON
AND OXYGEN ISOTOPIC COMPOSITION OF LAKE WATER.
PRIMARY LACUSTRINE CARBONATES AND ORGANIC MAITER
IN SEDIMENT

NAME:

Vibeke

ADDRESS:

Geological Institute, University of Copenhagen, Denmark

Alr~

Jl"trgensen and Charlotte Lind Sehested

Lake Esrom is situated in northeastern Zealand. Denmark. The surface area is 173 km 2 and the
lake is 22 m deep. The lake basin is a part of a "hill-hole pair" and was formed during the last
local readvances of the Late Weichselian glaciation.
Small brooks supply water to the lake but the main water sources are inflow of groundwater
and direct input of rainwater.
The carbon and oxygen isotopic compositions of biologically mediated and inorganically
precipitated calcium carbonate minerals (aragonite and calcite) are an imponant field of lake
studies. To interpret isotopic data as indicaton of paleoclimate and paleohydrology, it is
essential to examine if the carbonate was precipitated in isotopic equilibrium with the lake water
(Fronval et al., 1995).
The purpose of the present study was to detennine the seasonal variation in the 6180 and 613C
composition of water in a natural eutrophic. dimictic lake and to compare the results with the
isotopic composition of calcite precipitating in the lake (values range between: 61 3Cca1:0.86 %o
and 0.96 L vs. PDB; 6180ea1: - 6.70 %o and - 6.17 L vs. PDB) and the aragonite in
freshwater bivalve shells (values range between: 61 3Carag: -4.25 %o and -2.60 %o vs~ PDB;
61 SO.ra1: - 3.86 %o and - 2.90 %o vs. PDB) and organic matter in sediment (values range
between: 613C0 r 1: -28.41 %o and -28.06 %o vs. PDB).
This may provide a better undentanding of the mechanisms that control the isotopic
composition of lacustrine sediments, and the results can be applied to reconstruct the
paleoclimate, paleohydrology and paleoproductivity of a paleolake.
Most of the carbonate precipitation is believed to OCCW' in connection with major algal blooms.
These blooms change the surface-water cbemistly by extracting C02 from the water, leading to
carbonate precipitation.
In Lake Esrom phytoplankton production is highest in May (diatoms) and August (green
algaes), when the temperature is in the range of 11 to 17 °C. If the calcite precipitation occured
within this temperature range. the calcite did not precipitate under isotopic equilibrium
conditions according to the paleotemperature equation of Epstein et al. (1953) modified by
Craig ( 1965) (eg. Fronval et al., 1995).
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Figure I: Relationship between oxygen isotope
composition of calcite in surface samples (6180ca1)
and temperature of lake waters when the precipitation
is expected lo take place. Oxygen isotope
composition of water range between • 4.4 %o and - S.2
%o vs. standard mean ocean water (SMOW). Relation
is based on lhe paleotemperature equation given by
Epstein et al.( 1953) with modifications of Craig
( 1965). Similar examples of disequilibrium were
observed by Fronval ct al. ( 1995).
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Important authigenic minerals occurring in the Lake Malawi sediments are: I)
phosphates; and 2) ferromanganese minerals.
Phosphatic muds and sands are present in the shallower, southern parts of the lake.
The minerals include: carbonate hydroxyapatite Ca10(P04) 3(C03) 3(0H)2 and carbonate
fluorapatite Ca(P04)s(C03)(0H)F in the oxic environment and vivanite [Fe3(P04 ) . 8H20]
under anoxic conditions. Anapaite [C~Fe(P04) 2• 4H2 0] was found in minor quantities in
phosphatic sand crusts. Rephosphatisation of fish bone was found to be the main source of
the phosphates.
Ferromanganese oxide nodules were found around Likoma/Chisumulu and Mbenje
islands and the shallower southern parts of the lake. They are mainly found at the
sediment/water interface in the boundary areas between sands and muds. These are of
variable shapes, ranging from a few millimetres to a cm in diameter and are banded to
unhanded. The main manganese mineral is manganite (MnOOH) while goethite (alphaFeOOH) is the dominant ferric mineral. Vivianite is the main phosphate mineral in the
phosphatic nodules and it is associated with ferromanganese minerals and nontronite (an
Fe-smectite). Cu, Co, Zn, S were also detected in some of the nodules.
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The late Miocene-Pliocene Kirntlr Formation, in the Beypazan Basin (West of
Ankara-Turkey), is composed of lacustrine gypsum and clay bed alternation. Gypsum can
be divided, based on their field appearance, into three facies. These are, from bottom to
top: (1) individual gypsum beds interbedded with green clay beds, (2) scattered gypsum
crystals and bassanit within an organic rich mudstone, (3) massive gypsum with thin clay
stripes.
The first facies is represented by thin gypsum layers alternating with thick clay
beds (analsim, illite, montmorillonite), reaching up to 170 m thickness. The gypsum beds
show a typical sandy texture. Cross parallel lamination are conunonly found and some
layers underwent anhidratization. The second facies is composed of characteristically
various types of gypsum such as bassanite, radial discoidal and rosetta gypsums which
show different colors from grey to brown. They took place as a free growth position in an
organic rich mudstone (3-4 meters), bearing thin coal seams. This facies appears to be a
key horizon which is traceable for long distances. The horizon last one, facies 3, is in the
uppermost part of the section and represented by massive and white gypsum beds,
composed of prizmatic crystals. Diapiric (pseudoanticlinal-senclinal) and tepee structures
are diagnostic in this facies.
All facies reflect different conditions prevailing during their formation in a
Neogene lake basin and can be interpreted as follows:
Facies 1
Fades 2
Facies 3

Open lake (with short evaporitic conditions);
Marginal swamps (with evaporitic ground water);
Closed lake (with evaporitic lake water).

Successive formation of these facies also suggest climatic changes shifting from
humid to arid. Tectonic could also be affective on the retrogression of the lake area.
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The Tertiary lacustrine/paludal sediments, widespreaded in the Polish Lowland and
neighbouring countries (Germany), origined during two periods of Neogene and forms two
structural stages:
- the older one, Upper Oligocene to Middle Miocene, related to sedimentation of the
lignite-bearing association;
- the upper one, Upper Miocene to Lower Pliocene, related to sedimentation of the
variegated clay association.
Both these formations origined in a shallow lacustrine/paludal basin, strongly
impacted of development of paludal environment and also influenced by fluviatile/marine
environments. Both the series cover large areas including more than a half territory of
Poland. However, sedimentary record of both these series is quite different.
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Lignite-bearing association consists of coarse elastics, silts, clays and lignites.
Large-scale sedimentary cyclicity is clearly recorded in its vertical profile. mostly in form
of fining-upward sequences beginning with elastic deposits and ending with lignite seams;
up to nine such cyclothems are recorded in the Polish Lowland. Economic lignite deposits
in Poland arc related to five of them. Kaolinite is a major element of clay composition.
Different-scale sedimentary structures are common in the sequence. Rich floristic evidence
of these sediments is noticed: wood tissue. leeves, nuts and also pollen grains, spores and
alga cells are common there, but faunistic remains are practically absent.
Lignite-bearing association origined in shallow lacustrine/paludal conditions on
large areas of North-western Poland. Fluviatile and deltaic influence are common in
uppermost part of the sequence. Some satellite basins of tectonic origin developed along
the margin of the basin. Large subsidence created favourable conditions for accumulation
of phytogenic matter and the greates lowland lignite deposits (Belchat6s, Zloczew,
Lubst6w) are related to them. Two directions of marine influence during Middle Miocene
have been evidenced in the marginal part of the sedimentary basin: impact of the
Brandenburg Sea (an embayment of the North Sea) in the western part, and impact of the
Carpathian-Foredeep sea in the south-western part.
Variegated clays association consists of clays, silts and very fine sands of
different colours from reddish-brown to blue and green. Only small-scale sedimentary
cyclicity is noticed somewhere. Sedimentary structures are small and rare. Smectite and
illite are major elements of clay composition. No plant and animal remains are there except
layers marking horizontal lamination in marginal parts of the basin.
Sedimentation of clay association was rather homogenous, though fine sand
content is higher in its eastern part. Connections with marine basins are only supposed.

Differences between sedimentary record of both the associations indicate great
regional change of sedimentary conditions at the Middle Miocene/Late Miocene boundary,
expressing at first in great lowering of the Eh potential. It may be a sedimentary response
on gradually cooling and drying of climate, confirmed both in palynological spectrum of
the lignite association and in clay mineral compostition of the clay association.
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This study has shown that there are two main facies associated with the littoral
environments of Lake Hazar which has within a small pull-apart basin along the East
Anatolian Transform Fault.
Normally, a coarse angular pebbles, associated with coincident margins, and
coarse grained sands and pebbly sandstone facies, associated with non-coincident fan
deltas, along the shorelines of lake Hazar, which is the aim of this study.
Non-coincident margins dominate the northern shoreline of the lake. This
shoreline is a broad dissected plain up to 500 m wide, representing the subaerial toe zone
of a group of coalescent fan deltas, fed by ephemeral streams. Study of their distribution
and composition indicates that most of the sediments are derived from peripheral fan deltas
including material brought down in flood, and derived by erosion of older sediments.
Much of the sediments is redistributed by longshore currents, induced by winds funneled
along the axis of the lake.
As an example when we take one of the most spectacular deltaic body we can see
a gently-inclined flat top, sheet like geometry and a lobate-shape in plan view. It is
composed of interbedded fine-to coarse-grained sediments forming a coarsening-upwards
sequence and displays a well-developed tripartite structure of bottomset, foreset and topset
beds of a classical Gilbert-type delta.
The bottomsets beds are partly exposed revealing upper 2.5 metres. These
sediments consist of horizontally bedded and parallel laminated fine sands, silts and clays
with small-scale current ripples, sinusoidal ripple-lamination and graded beds. These are
the prodelta sediments deposited mainly from suspended-load in stagnant water conditions.
Occasional density-induced underflows were also operative at the lake bottom resulting in
the formation of ripples.
The foreset beds, 4.5 m in height, are characterized by lakeward inclined sands
and sandy with thin interbeds of silts and clays. The foresets are the delta-front sediments
indicating deposition in a water depth of about 5.5-6.0 metres. The finer-grained foresets
were deposited from undirectional currents representing unsteady and non-uniform flow
conditions. The coarser-grained ones were deposited as gravitional avalanche deposits in
higher energy conditions. The change from gently inclined, ripple-drift cross-laminated
foreset beds to pebbly avalanche foresets indicates the increasing importance of bed-load
transport in time. This progression may reflect the increased energy level of the
transporting stream and/or a long term increase in coarse sediment yield from the
catchment area. The reactivation surfaces indicate that the lake level was subjected to
abrupt but minor fluctuations during the deposition of foresets.
The topset beds are 2 m thick and overlie the underlying foresets with an
erosional contact. They occur as elongate bodies comprising moderately-to well-sorted
coarse sandy pebbles with a well-defined clast orientation and imbrication. They are
characterized by horizontal stratification, planar and trough cross-bedding and minor cutand-fill structures. These beds indicate deposition on the delta plain by a shallow braided
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river.
The external geometry and sedimentologic characteristics of the depositional
system clearly represent deposition in the form of a classic Gilbert-type delta with
distinctive facies associations ranging from prodelta to delta front and delta plain. The
delta formed by the progradation of a shallow braided-river system into the Lake Bazar
under a relatively constant lake level with only minor fluctuations. Tectonic activity at the
source area might have controlled the depositional pattern of the delta growth as implied
by the changing style of sedimentation and presence of the reactivation surfaces.
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I 0 sections of bottom sediments of Baltic sea. including the deepwater regions
(East-Hetland. Landsorts. Bomkhol'sk. Northern-Baltic depression. the nearshore region
(near the Sambiisk peninsula) and the Finish gulf {near the Bol'shoi Tuters) were
investigated by the author. The spore-pollen spectrums of the uppermost layer of the
bottom sediments (0-2 cm) reflect the current state of the plant cover of coast: the boreal
type of vegetation (in the Central and Northern Baltic) and nemoral one (in the South and
South-East Baltic). Similar division into districts is established for Holocene on the base of
cores analysis. The postglacial sediments are distinguished by high pollen concentration (F
- spore-pollen concentration per I g of sediments) and good preservation.
The geochronological division of postglacial sediments, represented by thinlaminated homogeneous clay and silt gyttja is performed. There are 9 zones and subzones
can be distinguished from Central and Northern Baltic:
Preboreal time, palynozone

Pinus-Artemisia-Chenopodiaceae (F11v

Boreal time, Subzone

BO-I :
B0-2:

Pinus-Polypodiaceae
Pinus-Betula-Alnus (F1v = 3000)

Atlantic time. Subzone

AT-1 :

Bctula-Alnus-Pinus-QM. maximum

Subboreal time. Subzone

SB-1 :
SB-2 :

Picea-Pinus
Pinus-Betula-Picea (F11v

Subatlantic time. Subzone

SA-1 :
SA-2:

Pinus-Betula
Pinus-Betula-Alnus (F0 v = 500)
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Nine sections of the limnic Kap Stewart Formation have been studied palynologically.
Sediments of the Kap Stewart Formation are only known from the Jameson Land Basin
and they consist of alternating organic rich shale (mudstone) and sheets of stormdominated delta-front sandstones. Tertiary dolerite sills are present in the shales and they
follow distinct stratigraphic horizons. The formation bas long been know to contain some
of the best preserved macroplant fossils. Two macroplant zones are recognised, the
Lepidopteris Zone and the Thaumatopteris Zone which are equivalent to the RhaetipollisUmbosporites and Pinuspollenites-Trachysporites palynomorph zones from Rhaetian and
Hettangian times. The dolerite sills have locally heated the sediments and destroyed the
palynomorpbs, but in general the palynomorpbs are fairly well preserved and even well
preserved in a few intervals.
The palynomorph assemblages studied here, clearly fall into the two palynomorph zones,
Rhaetipollis-Limbosporites and Pinuspollenites-Trachysporites, but within these zones
changes in the composition of the palynomorpb flora and the palynofacies are described.
Palaeoenvironments are discussed in relation to the high-frequency changes in lake-level
and sequence-stratigraphic analysis. Some of these palaeoenvironmental changes can be
correlated throughout the region and others are more local.
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Two main periods of large lacustrine systems could be recognized. They are
preceded, intercalate and followed by restricted lacustrine environment. Some small
satellite lakes surrounding the great systems were present also.
After a long period of peneplainisation the first large lacustrine system was
established during the late Lower and early Middle Miocene (i.e. equivalents of OtnangKarpat and of early Baden approximately). This lake system covered ancient Dinaric
realms of the southern Pannonian area, spreading into the part connecting today the
Carpathian and Balkan mountains. The lakes of this period shifted their position slowly
from the west to the east. Little data on its age (mammals) are supported by the two
phases of saline lake condition. During the first phase Dinaric lakes were cascade-like
connected, pouring each their, every time more saline water toward present salt mine of
Tuzla. In the southwestern Pannonian basin, the end of this phase is marked by the marine
ingression of the Late Karpatian sea. Dinaric must be ceased by the uplifting of the future
mountain chain while Pannonian basin subsided.
The other phase with some influence of the warm and arid climate (salinisation)
was recorded in the Carpathian-Balkan connecting area. An overlapping of two phases was
observed in the Western Morava valley. These little younger lakes spread to the south to
Kosova and to the east up to the todays Dacian basin. By the Middle Badenian the great
desiccation (Transilvanian salt) brought the end to these lakes.
By brakeage of the marine Paratethys, the great lakes of Upper Miocene age were
separated. This is the another great lake system, now restricted to the Paratethys realm and
being of sea-lake type (like recent Caspian). The sea-lake of the Pannonian age should
have its outflow toward Ukraina. It was enlarged much in the Pontian time when reached
Kazakhstan. An arid phase has not divided the Pannonian from Pontian lake-sea, maybe
because of the inflow from northwestern. This aridity caused desiccation of the small
southern Turolian lakes (Pikermi, Veles). After the desiccation, new, enough large lakes
(Sofia, Stanevci, Kosovo) were established again.
The last lake system, not so great as previous two. followed directly the last one,
is separated because of the lake type and its Pliocene age. In the Pannonian and Dacian
basins these are lake complexes (small lakes connected to each other or large lake with
many islands). During the Early Romanian (Upper Pliocene) the last abide phase caused
evolvement of the ornamented Unionidae and Viviparid fauna. Starting from the central
Balkan Peninsula toward the south, lakes are of relatively small in size (Metohija,
Pelagonia, Sparte, but also Baraolt basin in Carpathians) and have endemic fauna.
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The Bunger Oasis ( 101° E. 66°10' S) fonns the largest ice-free coastal area of East Antarctica.
The southern part of the oasis (Southern Hills) is a large continuous land area of about 2801cm2
with a high number of fresh-water lakes. To the north, numerous islands of about 170 km2 altogether are separated from the Southern Hills by marine basins and marine inlets (epishelflakes). Further to the north, the oasis is bordered by the Shackleton Ice Shelf, to the southeast by
the East Antarctic Ice Sheet and to the northeast, south and west by outlet glaciers.
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In austral summer 1993/94 extensive sediment coring was carried out in both fresh-water lakes
and marine basins of Bunger Oasis. Complete postglacial sediment sequences, overlaying
poorly sorted, overconsolidated moraines, were obtained at 18 locations which cover almost the
entire oasis. The postglacial sediment thickness reaches up to 13.6 m which is by far the longest sequence ever obtained from any fresh-water lake or marine basin of Antarctica, promising
a very good time resolution of the environmental changes documented in the sediment composition.

The analytical work has started on all sequences. Special emphasis was put on the physical
properties, the terrigeneous composition, the grain-size distributions, the geochemical characteristics, and the stable isotope composition. Detailed geochronological information was obtained
by more than 20 14c datings on total organic carbon or carbonaceous shells. First results focus
on the longest and most interesting sediment cores. They supply detailed infonnation concerning the deglaciation history of the Bunger Oasis and the holocene environmental changes. In
addition, differences in the chemical and mineralogical characteristics of moraines are interpreted with respect to the ice-flow pattern during the last glacial maximum.
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A short core (8lcm long) from a site 55m deep in Lake Neuchitel, Switzerland, covering
approximately the last fifteen centuries of sedimentation history, has been studied for
mineralogy, geochemistry, palynology, ostracodes palaeoecology and stable oxygen and
carbon isotope stratigraphy. The seclimentological changes correlate with the human activity in
the catchment area of Lake Neuchltel (2672km2). Ostracodes assemblages, C/N ratio and
stable isotope stratigraphy confirm the model: deforestation -> increased soil erosion and
nutrient delivery -> increased productivity in the lake .
The mineralogy is dominated by calcite with minor amounts of detrital minerals (quartz,
feldspars, phyllosilicates and dolomite). The organic carbon content remains constant
throughout the profile except for the uppermost centimeters, consequent to eutrophication of the
lake during the last century. Two significant decreases in inorganic carbon content coincide
with major shifts in palynological assemblages and are attributed to human activity.

The first major decrease in inorganic carbon corresponds to a decrease of Abies and an increase
of Poaceae as well as ruderal plants. It represents the period immediately following human
migrations of the middle of first milennia AD. The second major decrease in inorganic carbon is
marked by a decrease in Picea as well as an increase of Poaceae, ruderal plants and further
increase of Juniperus, Corylus, Betula and Alnus.. The beginning of this period is dated
1250±65AD and corresponds historically to both increase in population and beginning of
extended deforestations in the Jura mountains, which are recorded till the 16th century.
The planctonic ostracode Cypria ophtalmica, abruptly increases at periods of rapid decreases of
inorganic carbon as well as at the top of the core. Limnocythere sancti-patricii and Leucocythere
mirabilis, show the opposite trend. At the same time, the C/N ratio, index of organic matter
origin, correlates positively with inorganic carbon content, indicating probably enhanced
productivity during periods of minimal inorganic carbon. This suggests that deforestations have
led to increased soil erosion and subsequently increased lake productivity.
Stable isotopes carried out on bulk carbonates show small positive excursions corresponding to
decreased calcite content, ascribed to detrital calcite input connected with deforestation.
Increased organic carbon content in the upper part of the core is characterized by a shift to more
negative isotopic values. Another negative shift at the bottom of the core, where calcite content
is high, could reflect periods with a decreased dilution of authigencally precipitated calcite by
detrital input at times when human activity was lower.
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Two 3D remote-sensing srudies, combined with field work, were carried out using 3D
SPOT imagery of the Lake Baringo and Lake Bogoria region. The tecmnic structures and the
geometry of the sedimentary bodies have allowed us to constrain the kinematic and deep
geometry of these lacustrine b•tsins. Three major tectonic trends control the geometry of the
Baringo-Bogoria region: N0-10°, Nl50° and N50°. Interference of these trends has created
unusual "S" and "Z" shaped structures due to left and right lateral components of movement,
respectively. The combination of these structures with the main N0-10° faults agrees with a
local N90° direction of rift extension.
We recognize two major N150° transverse zones based on the sigmoidal interference
structures. These have a major influence on the structure of the basins; they clearly influence the
location of volcanoes and, where they intersect of the meridional Axial Graben, create a regular
N-S volcanic segmentation. These trnnsverse zones equally influence the segmentation of the
two individual basins: (1) The rhomb-shaped Baringo Basin, 50 km long, 20 km wide, and 1
km deep, is bounded to the west and east by major N0-10° faults, and to the nonh by zones of
flexuring superimposed on two N 150° transverse zones. This basin forms a major regional
depocenter fed by a large drainage basin, presently occupied by Lake Baringo. The modern lake
is fresh, fed by major streams, and has a high sedimentation rate. Most sediments are
siliciclastic. Its Pleistocene precursor, the "Central Rift Lake", was periodically saline and
alkaline, and may ut times have been stratified, similar to modern Lake Bogoria. The eastern
and western borders of the Baringo basin are characterized by alluvial fans that are strongly
asymmenic on SPOT imagery. Fans on the eastern margin have steeper slopes and ¥e of
limited area, indicating that this a more tectonically active margin than that to the west, where
very large and low-angled coalescent fans are observed. These contrasting fan morphologies
agree with an east-dipping half-grnben geometry below the Lake Baringo basin with a
sedimentary fill about 1 km deep. (2) The giant half-graben "grid-fault basin" of Bogoria, 20
km long by 5 km wide, is part of the Maji Moto grid-fault zone, controlled by the major
Bogoria Fault In contrast to Lake Baringo, it is hydrologically closed, saline and fed mainly by
hot springs. It is characterized by high productivity and most organic matter is sapropelic.
Sedimentation along the steep Bogoria-fault margins and littoral platfonns is dominated by
siliciclastic influx derived from alluvial fans and small deltas.
SPOT images and high-resolution 30 techniques allow detailed structural analysis of the
margins and sedimentary fill of such rift basins. Both types of observacion allow us to propose
tectono-seclimentary models for these and other lacustrine rift basins.

·,
3D view of the northern end of Lake
Bo"oria
ei
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Lake Van, the fourth largest tenninal lake on earth, provides a
unique, annually datable, varved sediment record to
reconstruct climate and environmental change in Eastern
Turkey and the Near East. Tenninal lakes are most sensitive
co reconstruct paleoclimate because any change in temperature, humidity and/or the precipitation/evaporation ratio will
change the lake level and the salinity of the water. The
regular, annual summer carbonate precipitation of Lake Van
provides:

a. a yearly tracer for changes in environmental proxy like
o I 80cc. Sr2+/Ca2+ and Mg2+/ca2+ of authochthonous
precipitated carbonates,
b, a continuos non floating varve chronology back to
13699±2.6% a BP.
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In combination with high resoluted sampling it is possible to
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detect and date even short term climatic fluctuations (<50 a).
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measurements and a record of the reconstructed
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Mg2+/Ca2+TLW ratio of Lake Van paleowater indicate two
sed.-rate [gm· 2 a· 1]
main phases of extraordinary o180cc and Mg2+ enrichment.
No shifts are found in the Sr2+/Ca2+TLW record. Calculations
based on an isotopic-hydrologic balance model show that the isotope enrichment is mostly
affected by changes of the relative humidity. On the other hand Mg2+/Ca2+TLw is a proxy for
salinity changes (lake level changes) caused by shifts of temperature or of a variation of the influx/evaporation ratio. Temperature and hydrologic changes affect the maximum isotope enrichment of a terminal lake only in a second order. Thus after a combination of the two methods it is
found that the stable oxygen isotope record and the Mg2+tca2+n.w record only match if higher
or equal air temperatures and a less humidity are assumed for the time between 11800-10460 a
BP (h=0.41 for T=ll OC) and also for the period between 4090-3040 a BP (h=0.52 for
T=l lOC). At this the older event is supposed to be equivalent to Younger Dryas chronozone.
The younger event indicate an important climatic shift towards dry and arid climatic conditions
after the third millennium BC which has nothing comparable in Central Europe.
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This contribution deals with the relation of phytoplankton development in the trophogenic
layer of lakes and its representation in sedimentated pigments of phytoplankton. The analysis
of pigments from suspended matter, settling partikles and sediments from Lake Constance
were perfonnend by HPLC. The results of these pigment analysis were compared with direct
phytoplankton countings (data from the last 80 years). Degradation rates of pigments during
and after sedimentation were estimated. The export of pigments from the epilimnion and their
incorporation into the sediment were also assessed.
In the trophogenic layer the pigment concentrations represent quite well the development and
composition of phytoplankton. Only about 3 to 4 % of the produced phytoplankton pigments
are exported from the epilimnion. Degradation during sedimentation and in the upper layer of
sediments leads to a further loss of pigments. The hypolimnetic half-live of pigments ranged
between one week and half a year for different pigments. In the sediment of Lake Constance
pigments are degraded in the upper 3 to 4 centimeter (respectivly 4 to 5 yacrs). The half-live of
pigments in this so called 11 early diagenesis" varied between 1and3 years. The longer residence
time leads to higher losses of pigments in the sediment than during sedimentation. Degradation
of pigments below the upper few centimeters of sediment can be neglected. Between 0.4 and 1
% of phytoplankton pigments produced in the trophogenic layer are incorporated permanetly
into the sediment
During sedimentation degradation of pigments is mainly influenced by processes of particle
transport (sedimentation as intact cells, fecal aggregates, sinking velocyties). The "early
diagenesis" is pigment-specific. Phytoplankton pigments containing 5,6 - epoxy-groups are the
most labil pigments. The consequence is a change in the composition of pigments in the
sediment compared with the tropbogenic layer. Therefore it is not possible to draw conclusions
from the present composition of pigments in the sediments to past associations of
phytoplankton.
The increasing concentrations of most of the pigments to the top of the sediment simulate an
eutropication process. Beneath this sediment layer the stratigrapy of pigments reflects the past
development of phytoplankton in the tropbogenic layer. Nevertheless, this reflection by
pigments may be superposed by the following aspects: ability of sedimentation of different
species, concentration of oxygen above and in the upper millimeters of sediment, rapid cover
of the sediment layer exposed to degradation by high sediment accumulation.
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We have combined results of a recent high-n:solution seismic n:flection survey (500 J sparker)
in the northern Lake Tanganyika, East African Rift, with data from earlier multi.fold and 5 kHz
high-resolution reflection seismic surveys. The combination of these three complementary
seismic investigation methods allowed us to propose a new scenario of late Miocene to recent
sedimentary evolution for the North Tanganyika basin. Stratigraphic sequences in Lake
Tanganyika arc organized in cyclic patterns related to lake level fluctuations. The basin history
comprises six lowstand-highstand cycles. Each sequence overlies a major lowstand erosion
smface. The first deposits in each sequence, which fill topographic megularities across the
erosion surface, are lowstand/basin-fill deposits and probably represent coane-grainai channelfill facies. They arc overlain by sublacusttinc fan turbidites. These turbiditc series arc covered
by highstand sheet-drape deposits, which arc predominantly composed of diatomaceous oozes.
Mapping of the seismic sequences, taking into account the regional tectonic setting, allowed the
palco-topography at the end of each depositional cycle to be reconsrructcd. This reconsrruction
clearly shows a northward shift of the depocentreS and indicates a northward progression of the
tectonic activity in time. Using the Reflection Seismic-Radiocarbon Method (RSRM) the
minimum age of the major erosional unconfonnities have been estimated to be -7.4 Ma, -1.1
Ma, -393-363 ka, -295-262 ka, -193-169 ka, -40..35 ka. The lake level lowstands during the
last 5 cycles arc estimated to be 670-550 m, 400-450 m, 360 m. 270 m and 150-200 m (below
present lake level) respectively. The age estimates for the Quaternary lake level lowstands
coincide with major periods of arid climate as defined for the African lakes.
The scdimcntarv history of the North Tanganyika basin and the related lake-level fluctuations
appear to have been mainly controlled by tectonic activity - progressing from south to north from Late Miocene to Middle Pleistocene. Since the Middle Pleistocene, sedimentation in the
basin appears to have responded dramatically to changes in climate.
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Several Early Cretaceous (•100 my) nonmarine rift basins developed across southern New
Zealand during a Gondwana breakup event that involved the separation of Australia and New
Zealand from Antarctica. In southeast South Island, deposition within the Henley [ 1], Kyebum
(2], and Horse Range [3] basins was dominated by coarse-grained alluvial fan and floodplain
facies. In contrast. subaqueous sediment gravity flow processes dominated sedimentation in
the western South Island Puysegur and Pororari lacustrine basins [4-7].
Five sedimentary facies associations identified in the 1500+ m thick Puysegur Group
succession exposed along the southwest coast of Fiordland National Park comprise: (A) a basal
alluvial fan-alluvial plain association of pebble conglomerate, sandstone, carbonaceous shale
and coal; (B) a topmost delta-front (high-stand) association of Gilbert-delta forcsct-bedded
sandstone and siltstone, and distributary channel cross-stratified sandstone, shale, and thin
coal; (C) boulder breccia, graded sandstone, and thin mudstone that probably accumulated as
sub-lacustrine talus aprons adjacent to border faults; (D) a delta-slope channel and levee
association of 10-50 m thick, channelised coarse arkosic sandstones enclosed by mudstone and
thin, graded sandy siltstone; and (E) a prodelta association of graded sandstone-mudstone
turbidites that fonn 20-50 m thick fining and thinning-upward cycles. Graded beds typically
show well developed Bouma TA-TDE turbidite divisions. Micaceous shales contain abundant
terrestrial plant matter and Chondrites-like ichnofossils.
Turbidity currents, originating as river-generated underflows, are inferred to have
transported coarse sand into the deep lake basin. Fining-upward successions in delta-slope and
fan associations (D and E) are interpreted as lake low-stand to high-stand cycles. Possible
facies analogues are found in axial and shoal margin deltas of East African rift lakes Malawi and
Tanganyika [8].

1. Mutch, A.R., Wilson, D.D. 1952: Reversal of movement of the Titri Fault.
N.Z.J.Sci.&Tech. B33: 398-403. 2. Bishop, D.G., Laird, M.G. 1976: Stratigraphy and
depositional environment of the Kyebum Formation (Cretaceous), a wedge of coarse terrestrial
sediments in Central Otago. N.Z.J. Gcol.&Geophys. 6: 55-71. 3. Mitchell, M. 1994: The
Horse Range Formation: a middle Cretaceous, dual provenance coarse elastic terrestrial deposit
from Central Otago. Geol. Soc. N.Z. misc. pub. 80A: 133. 4. Laird, M.G. 1993: Early
continental rifts. In P.F. Ballance (ed.), South Pacific Basins - Sedimentary Basins of the
world. Elsevier: 37-49. 5. Laird, M.G. 1995: Coarse-grained lacustrine fan-delta deposits
(Pororari Group) of the northwestern South Island, New Zealand: evidence of mid Cretaceous
rifting. IAS Spec. Pub. 22:197-217. 6. Turnbull, I.M.etal. 1991: Cretaceous and Cenozoic
sedimentary basins of Western Southland, South Island, N.Z. Inst. Geol. & Nuclear Sciences
monograph 1. 7. Pocknall, D.T.. Lindqvist, J.K. 1989: Palynology of Puysegur Group
(mid Cretaceous) at Gulches Peninsula, South Fiordland. N.Z. Geol.Survey Record 35: 8693. 8. Scholz, C.A., Rosendahl, B.R. 1991: Coarse-elastic Facies and Stratigraphic
sequence models from Lakes Malawi and Tanganyika, East Africa. Jn B.J. Katz (ed.),
Lacustrine Basin Exploration - case studies and modem analogues. AAPG Mcm. 50: 151-168.
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Qaidam basin, is one of the largest intennountain sedimentary basins in western
China. It lies to the north of Qingzhang (Qinghai-Tibet) plateau. The thickness of the
materials accumulated during the Quaternary period in Qaidam basin is in the range of
2000-3000 meters, with the maximum being found at the subsiding center.
One key aspect in study of any Quaternary sedimentary sequence is determination
of its chronology. For this purpose, various sequence - specific or characteristic approaches
have been developed. However, none of such conventional approaches can be adopted for
determining the chronology of the Quaternary deposits in Qaidam basin because ( l) the
sequence under investigation lacks either the contrasts in oxygen isotope or interbedded
volcanic layers for dating, and (2) it is too thick to be readily sampled continuously from
the surface to the bottom in one single borehole.
To overcome such difficulties, an innovative approach has been developed since
there are five closely related and partially sampled boreholes available in the area around
the subsiding center. Each of these five boreholes has a long and continuously sampled
interval, and the cores from these five intervals together with some typical geological
profiles available in the area, can be related to from a complete stratigraphic column
representing the Quaternary sequence in the basin. On the basis of previous Ostracoda
biostratigraphic studies, we first dated paleomagnetically the cores obtained from the five
continuously sampled intervals and those from a typical profile and determined the age of
the index fossil zones within the column. Then we calculated the deposition rates for the
varve deposits based on sedimentological analyses. By further comparing such deposition
rates with typical borehole geophysical logging curves, the deposition rates for different
sedimentary facies were established. As a result of these, it was possible to calculate the
ages of the various characteristic beds (including fossil units, seismic reflection beds, and
marker layers of electrical properties) for any given borehole-section when it was divided
into facies. The validity of the chronology determined this way could then be checked
using boreholes drilled both in the same structural setting and in different structural
settings in the basin.
A combined use of the facies-related deposition rates and the boundary determined
paleomagnetically may permit a detailed age analysis to be made practically for any kind
of deposition unit identified either on a borehole stratigraphic column or a borehole
seismic logging curve, and subsequently enable to have the further study of the detailed
changes in the climate, paleolake shorelines and environmental conditions of the Qaidam
basin during the Quaternary.
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Lake Eyre is a major ephemerally flooded playa which forms the focus of a large
( 1,300,000 km2) internal drainage basin. The main catchment is located in the monsoonwatered areas of northern Australia, but the lake occurs at the south-western margin of the
basin in the driest part of the continent, where rainfall is low, unreliable and far exceeded
by evaporation. The modern playa floor slopes gently to the lowest point of the continent
at the southern end (15.2 m below sea level) where it intersects the saline water table.
Halite crystallized from the groundwater forms a solid crust up to 45 cm thick. The present
playa/ephemeral lake phase is in a relatively stable sedimentological equilibrium. Rarely,
during years of extremely high monsoonal rainfall, major floodings occur but sediment
input to the depocentre is probably relatively minor. During drier phases the water table is
relatively stable and only a small quantity of sediments is removed by deflation.
Groundwater-controlled deflation has excavated the playa into a Quaternary
sequence which demonstrates a succession of relatively wetter and drier phases. Wet
phases were characterized by perennial rivers with aggradation of deltas and fluvial
deposits to high lake levels, up to 25 m above the present playa. In the lake deep-water
clays were deposited in the basin centre and shallow-water sand~ and beaches in marginal
zones. Despite being perennial the lake remained closed and saline due to the high
evaporation. Gypsum evaporites occur commonly in the sequence as do carbonates of
biological origin. Both these chemical sedimentary components are frequently reworked
within the basin as elastics. Dry phases are marked by deflation, controlled by lowering of
saline water tables.
This cyclic sedimentary record extends through the Quaternary to the upper
Pliocene but is mostly poorly dated. The recent application of luminiscence (TL and OSL),
uranium/thorium disequilibrium and amino acid racemization dating reconstruction of the
palaeohydrology of the last 130 ka. The wettest phase, and consequently the time of the
most effective monsoon rainfall, occurred during the last interglacial (early in oxygen
isotope stage 5}. Since that time there have been a number of successively less effective
wet phases separated by dry phases which culminated in the deposition of a substantial
halite salt crust around the time of the glacial maximum. This salt crust was preserved
when buried by sediments from a minor lacustrine event in the early Holocene. However,
this lacustrine event did not achieve the high lake levels attained in the previous
interglacial, indicating a marked reduction in the effectiveness of the monsoon in the
present interglacial.
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Lake Eyre is a II).ajor ephemerally flooded playa, at the southwestern arid margin of a
vast (1,300,000 km2) internal drainage basin in central Australia. The playa has been
cut, by saline groundwater controlled deflation, into a climatically controlled cyclic
Quaternary sequence which records a succession of wet lacustrine depositional
phases and dry deflation phases.
During wet phases deposition of deltas, fluvial deposits, deep-water lacustrine clays,
shoreline sands, beach ridges, biological carbonates and evaporites occurs due to
enhanced fluvial systems and perennial lake conditions. Dry phases are marked by
by deflation of sediments from the basin, a process controlled by disruption of
sediments by displacive crystallization of salts, particularly gypsum, halite and
sodium sulphates, as the saline watertable is lowered by evaporation. Drying of the
lake and sediment deflation lowers the base level causing the rivers in the vicinity of
the lake to incise deltas and fluvial deposits of previous wet phases. Deflation from
the basin results in aeolian redistribution of the lake sediments and salts to shore
marginal lunettes and as dust spread widely downwind across the basin. Secondary
gypsum, due to pedogenic reworking of this aeolian accession, is widespread
throughout the basin.
Climatically driven cycles of dry phase lake deflation and channel incision followed
by lacustrine deposition and fluvial infill of incised channels during wet lake-full
phases, are associated with the glacial/interglacial cycles of the Quaternary. This
cyclic sedimentary record in the Lake Eyre Basin extends through most of the
Quaternary and probably into the Pliocene but much of the record is poorly known
stratigraphically and lacks a detailed absolute chronology. In this study detailed
sedimentological and stratigraphic analysis and the application of luminescence (TL
and OSL), uranium/thorium disequilibrium, amino acid racemization and
radiocarbon dating techniques has allowed a reconstruction of the last 130 ka of the
Lake Eyre sequence.

As well as resulting in considerable loss of sediment from the depocentre the
deflation events are marked by abrupt disconformities in the sequence. While
groundwater controlled deflation has long been recognised as important in
Australian lakes and playas of the semi-arid zone, this study demonstrates the
dramatic and repetitive impact of lake deflation on the Quaternary record of Lake
Eyre, in the most arid part of the continent. The depocentre has been repeatedly
excavated to, or near to, the base of the Quaternary sequence. This process can
account for a number of the characteristics of the basin including its continued
existence as a closed depression despite being the focus of a large drainage network,
the migration of the depocentre and the negative salt budget.
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Tertiary siliceous rocks (porcelaneous limestones, cherts and mainly porcelanites)
from Greece, occur in the islands of Aegina, Samos, Limnos, Lefkas, Zakynthos,
Milos and the regions of Aridea, Kozani and Soussaki. Low-cristobalite (opal-C),
opal-CT, chalcedonic quartz, clinoptilolite and barite, which represent their
authigenic mineralogy, have been mainly formed during diagenesis and/or
hydrothermal activity.
The mineralogical composition and geochemistry of the siliceous rocks derived
from biogcnic material are clearly related to the depositional environment of the
original sediments and the factors which controlled their diagenesis. Barite and
clinoptilolite are exclusively found in porcelanites formed in late diagenetic stages
predominantly reached in deep sea sediments. In high heat flow areas both early and
late diagenetic silica polymorphs are usually developed, whereas in saline - alkaline
lake environments the diagenesis was not advanced enough for the formation of
chalcedony or microcrystalline quartz. From a geochemical point of view,
porcelanites formed by the diagenesis of deep sea sediments, in saline-alkaline lake
settings, and in high heat flow areas could be discriminated by using their Ba, B and
certain high field strength (HFS) element content.
On the other hand, porcelanitic rocks of biogenic and non-biogenic origin, the
latter formed through volcanic hydrothermal activity and in organic-rich lake
environments, could not be clearly distinguished based on major and trace element
data only.
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i\b~tract.:

ln the st r:iit ol' StorP.bmll hii;;h t·esolution acoustic profiles rP.venl a
succession of L.1. te We ic hse l inn :ind enr ly Ho I occne sedimentary uni ts located
in a df."P.P ch:umr~ 1 sys tern. These seismic s trntigrnphic uni ts are correlated
to the s ecH men t :1ry uni ts of n numh~ r n r sediment cores, and the success ion
llf deposi t ional environments a.re intcrprntod.
On top of the ~lncinl deposits I.he fol low i 11~ succession of sedimentary
rncies :tt'f' reco~nized in the mni n dinnnel nren below 25 m b. s. l.:
Pnrnt;lncinl lnminnted silty l :icnstrine sAncl with n spurse freshwater fnuna
a nd e lcmP11 t.i; or an arc Uc \'~gctn ti onm, h'ondy pent dominated of Pi nus
( Y. flrras/Pr~ hor«?al ) • Lncust: rine sanely <:nlcnreous qyttja containing n
frt~shwal.er faurrn. dominated h.v tl11' hiv:1lvP f'isiclium (early Preborenl).
1.'l1an11e l sand (la Le Pt·ehnrcnJ ). Peat, diverse in species CT.ate Preborenl/Horeal). /,;1cusll'in<' gyttja ( Bot·f'nl). Lnminnted silt and .~Ytt.in with :i
:·q m1·se brack ish t nlct•nnt fnunu or banen (nnoxic) (Borenl/Atlantic). Marine
:;ilty sand, bioturhaletl by n di'ver~e fauna ( Atlantic-Subhoreal}.
ln the Late WPichselian lake levels were high in the proglacinl lake
systems, anil in the Younger Dryns lak~ levels probably reached en. 28 m
11.s.l. in the cPntrnl valley system. The forced regression nt the Younger
Dryns/PreborenJ trnnsi tlon cnnsed mn.ior drninai;te and establishment of
rloodplai n environment in t.he clP.cp vnlleys down to 40 m b. s. l.. The
follow in .~ HX\.cnsi ve fl.uv ial l: ransgressi on with deposition of ca. 2 m
channel sand up to en. 30 m b.s. l. in lnte Prehoreal time was caused by the
drninn~e or I.hr. dammed Ancylus Lake, which cre~ted a drnima-ge outlet
throu~h D:irs !' .-u1cl Storeb;rlt. At. the closure of this outlet terrestial
r·~~lme was t·ceslnbl ishctl in the low vnlle~·s . In Late Do real time eustatic
risP in Re rt-IP\'P..l and risf' r:if the Anc:vlus Lake c11usP<l n slow trnnsgression
of l nke s;i.·!-51.c·ms in Storeb;rl l, and a c onnection lo Kntte~at was established
chnracterizPd h~· pnor circ11lnt.inn.

76

TITLE:

WHAT CAN STABLE ISOTOPES SAY ABOUT SALINITY? AN
EXAMPLE FROM THE LATE MIOCENE PANNONIAN LAKE

NAME:

Janos MatyasH, Stephen J. Burns 11, Pal Mi.Hier, and Imre Magyar3,

ADDRESS:

1) Geologisches Institut, Universitat Bern, CH-3012 Bern, Baltzerstrasse
I. Switzerland; 2) Hungarian Geological Survey, H-1442 Budapest,
Stefaria 14, Hungary; 3) MOL Pie., H-1311 Budapest, P.O. Box 43,
Hungary

The mid-to-late Miocene "Pannonian Lake" was a primarily closed, saline lake
which during its lifetime underwent a series of rapid salinity changes associated with
faunal extinctions/radiations. The first two of these, at the Badenian/Sarmatian and
Sarmatian/Pannonian boundaries signify the transition from a marine basin to a brackish
lake and are marked by major faunal changes. The isotopic composition of molluscs from
the lake, however, do not undergo major changes. The third transition, at the end of the
Pannonian and into the Pontian, is also marked by major faunal changes, thought initially
to reflect further freshening of the lake. Both carbon and oxygen isotope ratios of lake
molluscs decrease by 4 to 6%0 at this transition. A consideration of salinity and oxygen
isotope mass balances for a closed or nearly-closed lake shows that major ch~ges in
salinity accompany relatively minor changes in water balance and isotopic composition.
This result explains why the oxygen isotope ratio of lake waters did not change during the
initial freshening of the lake and suggests that the major isotopic changes observed later
are not directly related to changes in the lake water balance which caused the salinity
changes. The isotopic variations were driven mainly by other climatic factors, most likely
changes in humidity and isotopic composition of inflow.
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The influence of two different basin-wide fluid flow systems can be recognized in
the turbiditic sandstones of the Neogene Szolnok Formation. The larger lateral extension
and higher interconnectedness of the lobe sandstones allowed penetration of meteoric
waters during burial, as shown by the moderate-to-high secondary porosity, the extensive
feldspar leaching and associated kaolinite formation, the replacement of detrital biotite by
siderite rather than by chlorite. Mass balance calculations confirm that the amount of
organic or carbonic acids released from evolving organic matter in the neighbouring shales
is insufficient to explain the extent of feldspar dissolution observed in these sandstones.
Furthermore, the stable isotopic composition of the carbonates and kaolinite suggests that
isotopically light water was involved during early burial. In contrast, channelled turbidites
encased in shales were affected only by compactional fluids. The observed mineral
reactions can be explained by chemical transformations within the sandstone-shale
couplets.
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The deposits of the Holocene paleola.ke that occupied the western part of the Taoudenni
depression, in northern Mali, were studied by means of a nearly continuous set of thin
sections, covering a 3.7 m profile that was exposed in an open mining pit, and three cores
that penetrated down to depths of 1.25 m below the base of this profile.
Throughout the lake's recorded history, spanning a period of 8,170 to around 3,500 YBP,
lacustrine sedimentation was dominated by glauberite precipitation (Na2Ca(SO~)J,
accompanied by a supply of varying relative amounts of detrital material and authigenic
magnesite to the lake bed. Only during Early Holocene high lake level stages,
characterized by the deposition and preservation of laminated sediments, were lake water
concentrations below glauberite saturation levels. Deposits that were formed during
periods of increased salinity initially consisted of bloedite (Na1Mg(S04),.4H10), and
subsequently of a bloed.ite-thenardite (NaiS04) association, followed by tbenardite and
finally by halite (NaCl); precipitation of the latter took place during eleven separate stages
of varying length.
Textural features of the glauberite-dominated deposits were found to be related to water
depth, through the control that this factor exerts on the sensitivity of sedimentation to
changes in water supply and to short-term variations in evaporation rates. Halite textures
are indicative of the place within the water column where crystal growth occurred, which
is determined by water depth, and, to a lesser extent, by evaporation rates. Glauberite and
halite textures, and their variation with depth in the deposits, combined with variations in
the nature of other constituents, demonstrate that the lake experienced a gradual decline in
water depth in the course of its existence, but that it remained perennial at all times.
During the period of subaerial exposure of the deposits, after sedimentation had ceased,
the sabkha surface was lowered to its present level by deflation. The deposits have been
strongly altered along that plain, affecting the upper 16 cm of the profile, in which the
temporal sequence of different stages in the alteration of the primary salt minerals is
currently expressed as a vertical trend in the degree of diagenesis.
The importance of this study lies in the fact that it deals with the deposits of a - deep to
shallow - perennial saline lake, a setting for which evaporite sedimentation has been much
less extensively investigated than for ephemeral saline lake environments. Textural
features whose significance is discussed include crystal size, grading and reverse grading,
horizontal alignment and random orientation of crystals, and the presence of sediment
inclusions and fluid inclusions.
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In a local Pliocene pond with annually stratified black shales there occurs a single carbonate

bed, 30 cm thick, over the whole extent of the basin. It consists of undersaturated dolomite
Along the basin margins all carbonate is calcite. The undersaturated dolomite
contains perfectly preserved organic fossils of any ecological denomination, but all
allochthoneous. High Na+ and Sr++ concentrations in the dolomite point to precipitation from
brines. Significantly lighter t2C/13C and 180/160 stable isotope ratios demonstrate special
conditions during the formation of the fossiliferous bed in contrast to the surrounding marls.
Diatom (opal) skeletons occur progressively dissolved towards the pond centre. dolomite
fmally forming perfect molds of shell surfaces. Larger, three-dimensional fossils are partly
flattened, symmetrical fossils show indications of lateral compaction on the pond slopes prior to
the lithification of the carbonate bed. Thus fossils owe their perfect preservation to deposition in
anoxic, haline bottom water and very early closure of pore space to a remaining 2 % by
precipitation of dolomite concurrently with compaction, and prior to the solution of opal
skeletons.
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Fossils from the Upper Pliocene ofWillershausen are known for their richness in taXa and lifeforms, and for their perfect preservation. They occur enclosed in a single bed of extremely finegrained, dense dolomite Ca 5 sM~sC03 • This isochronous bed crosses different facies and thus
exhibits the full range of sedimentary structures in a steep-walled basin of ISO m diameter.
Fossils are concentrically arranged in the basin, benthos is absent from the inferred pond
centre. Taphonomical, mineralogical and chemical analyses demonstrate the fossils were
deposited in stagnant, anoxic, Mg-rich brine of high pH, while epilimnic waters were
constantly replenished by a stream. Newly formed dolomite closed the pore space almost
completely during early diagenesis, concurrently with gravitational compaction and deformation
by lateral stress, prior to the solution of diatom (opal) sceletons. Recon~truction of the
environment: In a hilly woodland, in temperate climate, a chemically meromictic pond in a sinkhole above a diapir of Permian salt, acted as a trap to all life-forms: limnic, fluviatile, and
terrestrial biota of any ecological denomination became indiscriminately preserved ( 100%
preservation). Early dolomitic cementation secluded organic fossils and restricted
decomposition so that products of very early stages of intra-molecular reactions are preserved
and may be used to clear up pathways of the formation of fossil hydrocarbons.
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The carbonate-dominated depositional system of the Lower Cretaceous La Huerguina
Formation in the Serrania de Cuenca Basin of central Spain contains lacustrine, palusttine, and
alluvial deposits. The facies of the palustrine and shallow lacustrine deposits in the subbasins,
Surco de Una - Las Hoyas and Surco de la Huerguina, include silty marls (B 1) and
charophyte micritcs (B2) of Facies Association B (Charophyte micrite - silty marls)). The
carbonate-dominated alluvial plain deposits of Facies Association C (Clayey marls-limestonessandstones) contain carbonate conglomerates-oncolitic sandstones (C1). grainstones (C2.},
packstones to wackstones (C3), clayey marls ((4), carbonaceous micrites {C5), and laminated
pisolitic wackestones (C6). These carbonate facies were the most commonly affected by
synsedimentary to early diagenesis, being very reactive at surface temperature and pressure.
Diagenetic processes included dissolution, recrystallization, sparmicritit.ation, nodularization,
marmorization, brecciation, pcdogenesis, and calicification.We analyzed the early diagenetic
processes affecting facies Bi. B2. carbonate conglomerates of C1, C2, C3, and C.. Close
examination of microfacies and their progressive alteration within these facies gave clues about
the nature and progression of early diagenesis at microscopic and outcrop scale, as well as
insight into the effects of subsidence and sedimentation rate across the sub-basins.
The following three microfacies represent three main phases of diagenetic development
within the palustrine to alluvial carbonates of the Weald of central Spain. The spannicrite
microfacies, present in all these phases, represents homogeneous overprinting due to a widcranging rise in water levels.
(1) Recrystallized oncolite and fossil wackestone and packstone to marlstoneThis microfacies is mostly a gray biomicrite containing ostracods, charophytes, and rare
gastropods that are recrystallized into sparry calcite cement with many features still
recognizable. Matrix is mostly sparmicrite. A specttum of varying densities of tubules can be
found in this microfacies. These tubules are oriented at many angles and can be connected to
branching. Fills include clay, sparite, micrite, and sparmicrite and can be concentric in shape.
This microfacies is found in facies B1, B2, C1, C2, and C3. This microfacies represents the
original shallow lake to paludal deposits exhibiting the earliest stages of diagenetic alteration
(first phase). The tubules are interpreted as rhizoliths. Initial penetration by roots in a soft
sediment allowed the formation of voids which served as' conduitS delivering fluids and clays.
(1) Yellow glaebular carbonates -These clayey micritcs arc yellow and grayish white in
color. Texture is nodular to massive with many clay-filled and calcite spar-filled tubules. Clay
coatings sUITOund many nodules (subangular to rounded grains); the yellow color matches the
location of the tubules. Slightly altered to ghost strUctures of grouped biomicrite clasts
separated by calcite cements and/or clay linings are dispersed. All facies contain this
microfacies. This represents the second phase of progressive diagenetic change. With time,
the fossils and oncolites were spannicritized out of existence. Cycles of root development and
infill continued as before and exposure time/soil development increased.
(3)Variegated glaebular carbonates- These micrites are multi-colored : red, brown,
yellow, purple, and gray. Texture is either nodular or appears to be "elastic". However, upon
closer inspection, the clasts arc not transported grains. These "pseudoclasts" float randomly in
the micritic matrix and the intense colors of this microfacies are linked to them. They are
similar in composition and texture to the matrix, but they also contain a higher density of
tubules, spar cement, and other types of sparmicrite. Facies Ci contains this microfacies.This
microfacies represents the third phase of diagenetic alteration of palusttine/alluvial carbonates.
The pscudoclasts are interpreted as relict areas of previous root influence; this is evidenced by
the presence of an array of tubules with infill within these areas. In the suITOunding yellow
regions, spannicritization and root development continued as before.
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Most of the lower half of the Ischigualasto Basin sequence, is made by a single cycle of lake
sediments, consisiting of growth, maximum expansion and decline to its complete
disappearance, all within the middle Triassic. Such a major lake phase can be directly related
to a tectonic cycle of synrift and postrift. Within this major cycle several different orders of
cycles were recognized. Locally second order cycles are made by parasequences such as those
known on marine platforms, plus the additional and active participation of the alluvial plain
sediments. Each parasequence is bounded at its top by a flooding surface,.and within full-lake
intervals, a hierarchy of flooding surfaces can be established. Class 1 flooding surfaces are
those which separate subaerial deposits (delta plain/distributary channel fills) from distal
prodelta/open lake deposits. Class 2 surfaces cover delta front (distal or proximal) with distal
prodelta/open lake deposits while Class 3 covers proximal prodelta deposits. Although class 3
surfaces may be considered to be associated with distal parasequences, and class 1 to proximal,
correlation of lateral sections suggest they are lateral equivalents of the same surface, so that
they were not used to determine additional cycles of lower order.
The local third-order cycle is observed at both delta front and prodelta environments:
periodic major floods of the delta eflluent caused an erosion at the upper delta fronts, shown
by truncation surf8ces, accompanied by an enhanced transport of elastic suspended particles,
denoted by a thicker-than-normal bed deposited at the prodelta in a physical continuity with
the truncation. In sectors where prodelta shales show a varved appearance, it is possible to
define fourth order cycles composed of few to 20 lamina pairs. Spectral analyses of two
segments of about 120 varve pairs indicated main modes at about 2,5 (quasibiennal), 4.8, 1117 varves, only those centered on 4.8 yr. are repeated in both segments but they are not strictly
dominant. The fifth order cycle is logically due by each varve pair. They were originated by a
seasonal variation of the sedimentary input in a permanent stratified lake, interpreted to be
annual. The absence of tractive structures within varved sequences suggest they were
generated by a sediment rain produced by a hypopycnical flow entering the lake. Seasonality of
climate is also corroborated by the presence ofvertisols at the alluvial sectors below, above
and lateral to the lake complex. Going further, subannual cycles can be recognized within
proximal varves, by the presence of few pairs of coarser laminae capped by a film of leafs and
plant fragments, interpreted to represent times of flooding within the season.
The origin of the different orders of cycles seems not to be unique. Using varves as annual
units (5th order cycles), fourth order cycles can be either related to the presence of climate
cycles of the ENSO type (the 4.8 year one) or to solar cycles as sunspot and multiples (the 1117 yr.). The 3rd order cycle causing deltaic truncation may be also related to astronomically
driven flood cycles as it ranges in the 100-200 yr. order. The 2nd order cycle , which is in the
order of few Ka, seems to be more related to an autocycle of progradation, abandonment and
migration of locus of deposition rather than to an externally driven force. Finally the 1st. order
cycle is tectonically driven.
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The sequential stratigraphic study made out on lacustrine rock outcrops of the Triassic
lschigualasto half-rift basin (western Argentina) revealed that the parasequence is the best
operative unit to describe this lake episode. Three main parasequence types were recognized,
interpreted to be related to the interaction of lake depth and rate of accommodation space
generation. They represent sedimentary progradation events within a ramp-type basin margin.
The type A parasequence is upward coarsening and shallowing, similar to those of marine
platfonns. Most of them show an internal sigmoidal geometry within the sandy package,
representing deha front slopes at dips of about 5-8° during major floods, steepening to 15-20° at
nonnal conditions, a difference balanced by internal truncation surfaces. Open lake and prodelta
dark shales compose the lower half of the parasequence. Major sandy beds within the prodelta
can be traced to flood surfaces (truncations) of the sigmoidal delta front package. This
parasequence was associated with deeper stages and high accommodation rates in the lake.
Black shale occWTence suggests a pennanent stratified lake, with a thennocline around 4-8 m
deep, as indicated by paleotopographic surfaces. Fluvial waters entered as hypopycnical
outflows, causing principal deposition at delta fronts by vertical settling. The type B
parasequence is upward coarsening and then fining. The lower fine part is similar to that of typeA except for a more coaly composition. Sometimes a non-autochthonous coal bed shapes the
condensed level which begins the parasequence. The upward coarsening cycle is interrupted by
an erosive surface produced by the sharp progradation of alluvial channel complexes, of either
braiding or meandering architecture, both producing an upward fining of the upper half of the
parasequence. The B-type indicates both a shallower lake and a lower accommodation space,
which promoted erosion of the middle part of the parasequence as progradation proceeded. The
lake was also stratified but source rock quantity decreases, being more gas-prone (higher
ligneous component). The type C shows again a textural inversion across a channelized basal
surface, but such is not laterally persistent and rapidly disappears within the lacustrine muds.
This type was deposited in a shallow lake with a high rate of accommodation space generation,
factors which promoted the presence of isolated channels. Such conditions caused C-type shales
to be almost devoid of organic matter. Type-C parasequences (distal fan deltas) occur mainly at
lower parts of the lake complex, Type-A (Gilbert deltas) dominate the middle part, while TypeB (braid deltas) dominate the upper, indicating a transgressive-aggradational-regressive style of
deposition of the lacustrine episode. Such style and the maximum flooding surface are traceable
across the basin, ·but not individual parasequences, suggesting that the latter were formed by
localized events of deha progradation (autocycles), in a general frame of stable water level.
Overall evolution of organic matter content within a parasequence follows what occurs in largerscale depositional sequences. TOC values does not notably vary along the parasequence shale
member, but hydrogen index indicates that the organic matter changes from oil-prone at basal
parts of the parasequence to gas-prone near the base of the sandy delta complex. It reflects the
replacement of the autochthonous organic matter by a terrigenous matter input, so TOC is
roughly constant even when the elastic supply increases. In a larger scale, the quality of the
source rock does not get worse ftom deep lake epochs (maximum flooding) to shallower stages,
only the amount of source rock is much higher at times of deeper lake.This supports models
suggesting that source rock quality depends more on detrital starvation than in basin depth.
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A review of the Triassic lacustrine basins of central-western Argentina is provided. The
Triassic system in this region is characterized mainly by the widespread occurrence of rift
basins in which lacustrine black shales were accumulated. In spite of differences in organic
matter type and maturity, most lakes were pennanent thermally stratified throughout their
histories, with a very shallow thermocline, attesting for a very stable, warm and reasonably
humid climate. These Triassic lake basins were formed along weakness lines, most of them
interpreted to be related to sutures of ancient accreted terranes. Nearly all these Triassic
depocenters are distributed from the 30 to 26° S, located in pericratonic or retroarc positions.
In some cases, individual depocenters coalesced during times of postrift increased basinal
extension, shaping apparently very large basins as the case of the so called Cuyo basin, which
in fact is composed by 12 depocenters. Most depocenters show a half-rift which may indicate
their relation to zones of crustal weakness probably fonned at sites of ancient sutures.
The main lineations along which basins were fonned are: (i) a lineation in the Western
Precordillera at about an Early Paleozoic continental margin; (ii) a lineation zone in the
southern Precordillera, which can be interpreted as a triangular zone of sutures of Chilenia,
Pampean and Precordillera terranes, and (iii) the Valle Fertil fault zoneformed on an early
Paleozoic mobility belt. A not very deep thermocline, and stable water bodies led to the
accumulation of black shales in most Triassic lakes. These shales are the source rock of several
intermediate size oil fields and constitute the target for a renewed oil & gas exploration.
However quality of the source rock varies from one to other depocenter, being the more oilprone shales those preferentially located in the southern depocenters, as those of the so called
Cuyo Basin. The presence of large drains to the depocenter added a great detrital input thus
diluting the organic matter in the shaly sequence. As a result, some minor depocenters with a
greater degree of elastic starvation make up much better places for hydrocarbon source rock
generation than those large lacustrine basins with higher detrital supply by rivers.
Contrary to earlier ideas, the times of lake expansion and black shale generation do not
correlate between individual basins, so that lake generation should have been primarily related
to the particular tectonic behaviour of each depocentre, and not to a climate change episode.
However, a higher availability of water characterized the middle and lower late Triassic in this
extensive region, in contrast to the dominantly arid climates prevailing since the early Permian.
This, in tum, suggests a large scale phase of climate change. A paleoclimate model implying a
reversal of the regional atmospheric circulation during the maximum extension of Pangaea is
the most suitable explanation for the higher water availability, which generated and maintained
lake systems when tectonism produced a topographic depression. The great extension of the
Pangaea megacontinent caused a temporal reversion in atmospheric circulation which implies
that arid areas in the South Western part of this continental mass became more humid. Such a
model agrees with that proposed for the Northern Hemisphere (inversion of the monsoonal
circulation) to explain some middle-late Triassic climate changes there. This paleoclimatic
change should be the responsible for the high production of organic material and its
preservation, which fonned the only known effective oil source rocks in this area.

85

TITLE:

LAMINATED EOCENE MAAR-LAKE SEDIMENTS FROM ECKFELD
(EIFEL REGION, GERMANY) AND THEIR SHORT-TERM
PERIODICITIES

NAME:

J. Mingram

ADDRESS:

GeoForschungsZentrum Potsdam, Germany.

The Eocene Eckfeld/Eifel maar-lake is interesting both because of the excellently
preserved fossil remains and also the laminated sediment sequence deposited under
subtropical conditions, but at a latitude with marked seasonal insolation differences.
The main sediment types, which were exposed during recent palcontological
excavations are laminated oilshales, partly-laminated bituminous siltstones and elastic
turbidites. Some deeper parts of the profile drilled in 1980, are dominated by diatomaceous
laminites. The recently exposed sediments, which represent a later period of lake
development, do not contain any diatoms. The laminated oil shales consist of alternating
light, about IOOµm thick and dark, around 150-250µm thick laminae. The darker laminae
represent a mixture of mineral detritus, terrestrial plant debris, occasionally layered green
lagae (recognizable Botryococcus and Tetraedron) and siderite, whereas the lighter ones
mainly comprise clay minerals (illite, montmorillonite, kaolinite) and quartz. The partlylaminated bituminous sitlstones were deposited either during a period with a probable
small tributary and/or changed stratification of the lake. Uner fluorescence bituminous
silsstones also show layered enrichment of green algae. The turbidites, of which there are
two main types, do not show the classical Boumasequence. Type I is characterized by
allochthonous coarse elastic detritus whereas Type II turbidites contain mostly reworked
autochthonous material. The amount of organic carbon (around 8.5%) is comparable with
recent lakes with low sedimentation rates. The high C/N-ratios (25-30%) of the Eckfeld
sediments, as well as the fact that the highest C0 rs-values are found in the elastic turbidites,
shows the importance of plant debris for these lake sediments. Lamination of the oil shales
was caused by the complex inter-relationship of elastic supply (mineral and plant detritus),
autochthonous organic deposition (mainly green algae) and early diagenetic siderite
formation. The darker sublaminae represent the coarser elastic input together with the
autochthonous supply from the lake (green algae), whereas the lighter sublaminae form
after a probably yearly turnover of the density stratification of the lake from settled finegrained elastic detritus. The transition from turbidite layers to oil shales is a gradational
one suggesting a related depositional process. A major difference between the two,
however, is the fact that the oil shale laminae unlike the turbidites are deposited over a
longer time period and thus represent the entire autochthonous production of the lake.
The thickness of the fine elastic and organo-clastic layers, the morphology and
palaeogeographical situation of the maar lake and the periodic occurrence of algal layers
strongly suggest, that the laminated sediments are true varves (although there is no final
proof for this).
Recognition of known solar periodicities in lake sediments is another method to
ascertain the annual character of the laminated sediments. Because of post-depositional
disturbances and later tectonic deformation in the Eckfeld maar only a short undisturbed
section could be measured. The thickness variations of around 700 oil shale laminae were
measured and computed. Time series analysis yielded at least one certain period of 5.5.
This corresponds to half of the 11-year sun spot cycle (Schwabe-cycle). There are also
references for 5.5-year cycles from solar activity as well as from climate and climate proxy
dates.
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The age of the laminated lake sequence from Eckfeld maar, as deduced from
sedimentation rates of the different sediment types is c. 80.000 years, if the laminae are
varves, which correlates well with the lifetime of other maar lakes.
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Detailed sedimentological, mineralogical, geochemical and palynological analyses have been
canied out on the uppermost 10 m of one large diameter (15 cm) geotechnical core drilled in the
middle of the Geneva Bay at 13.7 m water depth in a Late Quaternary lacustrine sedimentary
sequence (Moscariello & Wildi, 1994). This abstract intends to emphasise some characteristics
of the Late Glacial - Holocene transition that is marked by important modification in lacustrine
sedimentation. The position of Geneva Bay. located at the end pan of the Lake Geneva at the
extreme southwestern termination of the Swiss Plateau. represents an interesting place to
understand the influences in sedimentation caused by the interactions of global (climate) and
regional changes (water heating. detrital input, vegetation development) related to a big
lacustrine system and a complex catchment basin.
The preliminary palynological study of core F3 offers, for the first time in Lake Geneva, a
complete sequence from the Allen1td to the Subboreal period, about 12 ka to 2.5 ka BP.
Concerning in particular the Late Glacial-Holocene transition (from the 12 ka to 9.5 ka BP), the
vegetational landscape during the Aller(6d (Il) consisted of dense forests of pines and birches. A
thinning out of these forests, indicated by an increase of Artemisia, and of some heliophilous
taxa (e.g. Juniperus, Ephedra) occurred in the Younger Dryas (III). The Preboreal was
characterised by dense forests of pine and birches, in which hazel and tennophilous taxa
immigrated. During the Boreal 11 mixed oak" forests change in their composition; lime. ash and
maple expand, while hazel seems to diminish.
Late Glacial sediments mainly consist of finely laminated silts characterised by mm-thick
alternations of dark gray and olive silts with short and very thin organic matter-rich lenses. The
relative warming which occurred during the Aller(6d is characterised by the first appearance of
endogenic calcite sedimentation and diatoms. The beginning of the Younger Dryas is indicated
by a sudden decrease in endogenic calcite and an increase in detrital minerals (e.g.
phyllosilicates, quartz, feldspars and dolomite). Such sedimentological conditions continued
until the middle of the Preboreal. At this time a strong increase in calcite content occurred
(increase of about 50 %) togethar with an increase of molluscs. ostracoda, algae and diatoms.
Detrital input decreased but considerable amounts of tenigenous minerals related to the residual
suspended material from the Rhone and lateral tributaries continued to be deposited. Holocene
sediments consist of light olive gray marl-rich laminated sediments (diatom-calcite rythmites)
with very irregular thicknesses indicating a seasonal control in sedimentation (varves). In some
intervals these have been homogenised. obscured or deleted by the bioturbation or the
reworking processes (wave action during strong stonn wind). Authigenic pyrite associated with
organic matter (e.g. diatoms) have been observed from sediments of the Alle~d time period.
The variations in these sediments enable us to make some considerations about the lag time of
the Lake Geneva lacustrine system to the important climatic and environmental changes which
occurred during the Late Glacial - Holocene transition, in panicular concerning the system's
behaviour during the Younger Dryas climatic reversal. As shown above, when warming up
started during the Allelltd time period endogenic sedimentation partially replaced detrital
sedimentation. This trend was abruptly interrupted at the base of the Younger Dryas by a
immediate response to the climatic cooling (increasing detrital input). The rapid climatic
wanning at the end of the Younger Dryas instead did not correspond with a synchronous
warming of the lacustrine water probably as result of long heating times (depending on great
water amount). This process also depended upon the inflow of cold waters related to the big
melting glaciers already presents at those time in the catchment area.
If we compare Geneva Lake data with other lakes of the western Swiss Plateau. favourable
conditions to the development of biochemical sedimentation in Geneva Bay were reached some
hundreds of years later than e.g. Lake Neuchatel (Schwalb, 1992) and thousands of years later
than smaller lakes such as Lake Loclat (Rolli et aL, 1994) or Lake Gerzensee (Ruch, 1993).
Moscariello, A. & Wildi W. 1994. Abstract 15th !AS Regional Meeting Ischia. 298-299
Rolli, M.• Hadorn. P.• Filippi. M.L.• & Moscariello A. 1994. ii Quaternario 7(1) 335-342
Ruch. P. 1993. Rapport Fond National Suisse Recherche Scientifique N.21-29000.90
Schwalb. A. 1992. 138 pp. Th~ Universit6 de Neuchatel
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Lake ,,Ammersee", a hardwater lake (46 km2, 81 m maximum depth) SW of Munich contains
a > 10 m thick Holocene sediment sequence in its profundal zone. Sediment composition
shows distinct changes with time with mainly chalk deposition during the Early and Middle
Holocene and increasingly allochthonous sedimentation beginning rather abruptly in the
Subboreal period, a pattern commonly observed in larger prealpine lakes north of the Alps.
The Late Holocene section is additionally characterized by an increasing number of turbidite
deposits.
Differentiation between allochthonous and autochthonous calcite is used as a base for the
calculation of allochthonous and autochthonous accumulation rates during the different
Holocene chronozones, dated by palynological and 14C-AMS analyses. Rates are lowest
during the Preboreal/Boreal, highest in the Subatlanticum with an almost 1Ofold increase in
allochthonous input in the last millenium compared to the Early Holocene. During the
Atlanticum, accumulation rates of autochthonous calcite were higher than during the recent
eutrophication.
Detailed stable isotope and palynological analyses of time sections are used for an attempt to
reconstruct cpilimnic summer lake water temperatures during carbonate precipitation and to
link sedimentation changes to human activities.
Sedimentological and palynological investigations of several piston cores within the profundal
zone and subbottom profiling (3.5 Khz) provide a base for an estimation of the erosional
balance resp. quantification during the different Holocene periods from the 650 km2
catchment area of the lake.
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The late Miocene Pannonian Lake existed for more than six million years, filling a part of
an interarc basin of the Carpathian mountains. It harbored one of the mmt diverse endemic
lacustrine mollusc faunas ever known. including about one thousand described species. dozens
of endemic genera. several endemic subfamilies, and two endemic families (Lymnocardiiclae
and Valencienniidae). The lymnocardiid bivalves are well known for their diversity of shell
shapes and patterns of ornamentation. In spite of the textbook nature of this case, the
evolution of Pannonian lake cockles has not been studied for nearly 50 years.
The mollusc fauna of the lake, and probably most of its biota. originates from three

main

sources. Most prosobranchs and some bivalves may be derived from fluviatile ancestors.
pulmonats mainly from shallow standing freshwaters, while members of two bivalve families
(dreissenids and lymnocardiids) are descendants of marginal

marine ancestors. Some

prosobranchs, as hydrobiids, may also belong to this last group.
The number of lineages immigrating from fluvial habitats seems to increase almost
continuously during the existence of the lake. In contrast, the molluscs of marginal marine
origin seem to belong to lineages present in the lake from the beginning of its existence.
Their origin seems to be restricted to ancestors living in the late Middle Miocene Sarmatian
sea, in a water body existing in the same basin than that housing the Pannonian Lake. Their

increasing diversity most probably reflects an in situ evolutionary process.
The highly endemic character of the Pannonian lake molluscs is in harmony with the
assumption that the lake never did have an on level connection with the oceans or with the
neighbouring waters in the Dacian Basin. Instead. it seems that it was partly outflowless,
partly had an intermittent outflow toward the Dacian Basin, which enabled an unidirectional
emigration of a set of mollusc lineages, mainly belonging to the lymnocardiids and
dreissenids, the species of which have planctonic larvae.
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Maar lakes are environments of continuous sedimentation and thus provide ideal high
resolution sediment sequences for paleoclimate studies. The investigations during the last
decade have been concentrated on maar lakes located in different climatic regions, for example
the Eifel region with a temperate Holocene and periglacial Pleistocene climatic regime and
Lago di Monticchio in southern Italy, which was beyond the intluence of periglacial conditions.
Lake Holzmaar sediments have been established as the standard profile for the Eifel region by
extension of the varve chronology back to 22.500 years B. P. This chronology is based on a
continuous series of Holocene and Late Glacial organic varves and elastic periglacial varves
from the Last Glacial Maximum. For the construction of a varve chronology it is necessary to
understand the origin and fonnati.on of both varve types, to clearly identify them, and to be
able to distinguish them from intercalated turbidites which retlect additional sedimentation
events. The annual or seasonal origin of the organic varves has been proven by the recognition
of seasonal diatom blooms. while elastic laminations retlect solar periodicities (e. g. the
Gleissberg-cycle) with varve thickness variations giving indirect proof of their annual
fonnation.
The annual resolution of these sediments provides both precise absolute dating and the means
of studying short tenn cyclic climatic changes caused by possible variations in solar irradiance.

d
0
d

91

TITLE:

TECTONIC AND SEDIMENT SUPPLY CONTROL OF DEEP RIFT
LAKE TURBIDITE SYSTEMS, LAKE BAIKAL, RUSSIA

NAME:

C. HANS NELSQNl, EVGENY B. KARABANOV2, STEVEN M.
COLMAN3 and CARLOTA ESCUTIA 1

ADDRESS:

1U.S. Geological Survey, Menlo Park, CA., 2Department of Geological
Science, University of South Carolina, Columbia, SC. 3u.s. Geological Survey,
Woods Hole. MA.

Tectonically influenced half-graben topography and bathymetry control the amount and type of
sediment supply and consequent type of late Quaternary turbidite systems developed in the
active rift basin of Lake Baikal. Steep border fault slopes (footwall) on the no11hwest sides of
the North, Central, and South half graben basins provide a limited supply of coarser-grained
elastic material to a line source of numerous small fan deltas (Figure 1). These in tum laterally
feed small ( <10 km diameter) unchannelii.ed sand-rich aprons at the slope base on the lake
floor. Gradual slopes of the southeastern ramp margins (hanging wall) of the lake basins,
conversely, feed finer-grained sediment from larger drainages into two different types of
channelized turbidite fan systems. Local rivers, often flowing from glaciated valleys, laterally
feed small (5-20 km diameter) sand-rich fans. Regional drainage of the much longer, low
gradient Selenga River supplies large quantities of silt to large (as much as 65 km) axially fed,
elongate mud-rich fans. Basin plain turbidites in the center of the linear basins and their axial
channels that are controlled by rift parallel faults are fed from, and interfinger with, sand-rich
aprons on the border fault margin and sand- or mud-rich fans on the ramp margin.

LAKE BAIKAL HALF-GRABEN BASIN

I
N

Figure 1. Sketch shows the general association of sand-rich aprons with the border fault margin,
laterally fed sand-rich fans with the ramp margin, a longitudinally fed mud-rich fan with a
delta-fed ramp margin and a basin plain drained by an axial channel. Drawing not to scale.
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Osracodes are one of the groups of organism which most frequently occur in the
Upper Paleozoic and Mesozoic continental deposits. They are well studied from the
Upper Permian and Triassic of the East-European Platform, Kuznetsk and Tunguska
basins in Siberia, from the Jurassic and Cretaceous of Central Asia, Transbaikai area
and Mongolia. Due to the exicting taxonomic differentiation of ostracodes in terms of
salinity and other environmental factors, their assemblages can be used as indicators of
conditions in lake basins of the past located in different climatic zones.
In Siberia, where in the Late Permian a temperate humid climate dominanted and

forest lacustrine-swamp landscapes prevailed, ostracodes of the genera Tomie/la,
Jniel/a, Suriekove//a, Darwinu/a inhabited shallow freshwater lakes. The Late
Permian stagnant bogged-up water bodies of the same regions are characterized only by
single ostracode species of the generaJniel/a and Suriekove//a.
In the territory of the East-European Platform, in the Late Permian under conditions of

a hot semiarid climate, shallow-water warm lakes with a significant content of calcium
carbonate were widespread. They were inhabited by abundant species of the genera
Darwinu/a, Suchonellina, less frequently Darwinu/oides. In hidhly mineralized Late
Permian and Early Triassic lakes of the East-European Platfonn and Siberia
assemblages of the genera Suchonella, Darwinu/oides, Gerdalia became widespread.
In the Middle Jurassic under condition of a humid temperate climate, the extensive

areas of Eurasia were characterized by freshwater, frequently bogged-up 11hypotrophic"
water bodies, for which the ostracode assemblage Darwinula-Timiriasevia, known
from Mangyshlak, Fergana, Kansk-Achinsk Basin, West-Siberian Lowland,
Transbaikal area, Mongolia and China, was conunon.
Highly mineralized Late Jurassic and Early Cretaceous lakes were inhabited by
ostracode assemblages dominated by 1herios;111oecum, Bisulcocypris. In moderately
mineralized Cretaceous lakes , rich in calcium carbonate, comparatively shallow-water
and mesotrophic, ones rich ostracode assemblages developed, dominated by
diverse Cypridacea, particularly representatives of Cypridea genus. More deep-water
lakes of this age were inhabited by Mongo/iane/la. In strongly eutropbic Cretaceous
lakes, where sediments are composed of black shales with high content of organic
matter, there are monotaxonic thanatocoenoses represented by species of the genus
Lycoptercypris.
Alternation of the above ostracode assemblages in the sections enables to reveal
fluctuations in hydrochemical, hydrological and hydrobiological regimes in lakes
and changes in their paleoecological conditions. Especially characteristic in this
respect are the Late Permian and Early Triassic sections in the Kuznetsk Basin and
some most complete Jurassic and Cretaceous sections in Mongolia.
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Landsat images and field reconnaissance are being used to determine the location. spatial
extent. and trend of distribution of pluvial features across a ponion of the presently hyperarid
Western Desen of Egypt. Around the region of Bir Kiseiba, a series of dry playas have been
located in topographically low areas along the southern base of an escarpment trending NE-SW
from = 22°60' N latitude. These playas occur as surface depressions which collected and stored
rainwater runoff at times of greater effective moisture. Aeolian deflation-excavation processes
may have contributed to the geomorphic origin of the playas as blow-outs in the lee-side of hills,
and/or the playas may have developed in bedrock gullies or low areas renmant from fonner fluvial
channels. Initial radiocarbon dates from the playa sites in this region fall in the same range as
other published data from 10,000-4600 B.P. The paucity of ostracodes and pollen in processed
core samples suggests that preservation conditions were poor and that groundwater input was
probably minimal.
Field reconnaissance in a newly-discovered playa (Umm Akhtar playa) revealed expansive
mudcracks (10 m wide) at the surface of finely laminated silts and sands which in places have been
deflated to yardangs (<1 m to =3.5 m high). Cultural artifacts of Neolithic age comprise a windabraded lag surface along the playa surface and archeological heanhs could be found along
shoreline sediments. The presence of numerous grinding stones and check dams suggests that
region may have been extensively cultivated in prehistoric times.
Documentation of this stratigraphic and cultural evidence associated with pluvial
environments within the Western Desen will help reconstruct the relationship between local
hydrologic factors. albedo variations, and changes in global atmospheric circulation patterns. The
presence of previously undocumented lakes in this pan of North Africa during the mid-Holocene
may have resulted from an intensifed Afro-Asian monsoon. Further work on the chronology of
these pluvial lakes will contribute to a better understanding of geomorphically-significant climate
change throughout the Quaternary.
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Changes of sulphate in bottom water (as well its quantity, as its isotopic composition)
are reflected in the sediment's sulphate and in the pore water it contains. The
sulphate of the water coming to the Black Sea is most contrasting. In Mediterranean
waters the share of S04 is 2.71 g per I at 5534 = 20%o, while river runoff waters of the
Azov-Black Sea basin have concentrations of 0.02-0.03 g per I and SS~
4.5'L..
That is why any hydrological changes should tell on the sediments sulphate. However
transferring the obtained values of &S34 of sediment's sulphate to sulphate of the
basin water mass should be done with care: the buried sediment sulphate can in
some cases be subjected to isotopic deformation.

=

The most characteristic features of the change in isotopic composition of the various
forms of sulphur are decrease in the fractionation coefficient of the S042·-H2S
system (8S34sulo..>&S34red.
with depth in sediments, foftowed by an inversion
(&34Ssulphate<&J4Sreduced s) and a new increase (as34sulp.>&S34red. s) in lower
parts of studied cores. Special attention should be paid to the points where the
fractionation coefficient value of the S042·-H2S system is 1.000. This means that at
these horizons sulphate has not changed by the sulphate reduction processes and
should inherit the isotopic composition of the bottom water of the Black Sea of that
time. The top point corresponds to the isotopic composition of the sulphate about
12%o. In the lower point the as34::5%o, which COITesponds to the recent rivers'
sulphate. Since the present-day hydrologic regime of the Black Sea was established
(3000-4000 years ago). we may assume that ss34 of marine sulphate also reached
its present values (20%o) at this time. In this way by three points we can indicate the
general trend in variations of the sulphate of the Black Sea in time.

s>

The isotopic studies of the deep-sea sediments allowed the reconstruction of the past
variations of the isotopic composition of the Black Sea water sulphatic sulphur, the
dating of the first short-time influx (15 kyr B.P.), and the beginning of the permanent
influx (13-13,5 kyr B.P.) of the Mediterranean waters, and the establishment of the
periods of the aerobic and anaerobic conditions in the bottom part of the Black Sea.
From a hydrological point of view the Az.ov Sea is a rather diminished model of the
Black Sea. One of the features of its sediments is a ver; big share of water-dissoluble
sulphate in the sediments. However the fractionation coefficient in the sulphatesulphide {pyrite) system judging by the obtained isotopic data did not reach inversion.
To summarize, we have identified a ubiquitous occurrence of an inversion in the
ss34sulp in the so42·.H2S system of the Az.ov-Black Sea basin. It resulted from an
inventor; of sulphate-reducing bacteria different from that of the present days.
probably with extensive involvement of species capable of manifesting the inverse
kinetic effect. The development of these forms was promoted by a decline in a salinity
of the basin's waters and by great continental runoff.
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Ecological. sedimentological and geochemical evolution of the late glacial to postglacial
Amose lacustrine basin, Denmark.
The more than l 0,000 years long history of the Amose basin dating back to apr.
14,000 BP was inferred from sediment facies and stable isotope analysis of the
sediment record. Especially the Younger Dryas/Preboreal transition is well developed.
It is marked by a rapid lowering of lake level causing a forced regression resulting in
erosion of late-glacial lake deposits and deposition of a coarse-grained transition layer.
It is separating the mainly elastic dominates late-glacial lake deposits from the
postglacial organic sediments. It is recorded in all geochemical parameters including the
stable isotopes of oxygen and carbon. The lowering of lake level in the Amose basin
was probably caused by tapping of the lake as the dead ice blocking the outlet of the
basin melted away. A similar and contemporary sediment development is, however.
located in other lake basins on Sj~lland and indicates a regional rapid shift from the
cold hostile climate of Younger Dryas to the warmer and more humid climate of the
Preboreal.
Sea and lake level changes in the open Amose lacustrine basin during the
postglacial period inflicted high stress conditions on the surrounding vertebrate fauna
and ultimately on man livino next to the lake. Examination of the vertebrate fauna from
four sites all situated in the Amose basin but scattered in time revealed changes in
diversity, body size. The isotope values in bone collagen changed over 3,000 years in 6
out of 11 species. It was probably due to increasing high forest shading of the forestfloor vegetation.
The increasing cover of the mixed lime forest and the isolation of Sj~lland
which became an island during that period led to reduced variation in suitable habitats
for the larger game animals assumed to be responsible for the reduction in body size
and diversity.
Traces of human activity on the bone material yield information on the hunting,
butchering and marrow-fracturing methods applied by the human populations living at
the various sites. Also the functions of the different sites may be deducted from the
human trace fossils.
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This research, in conjunction with the British Antarctic Survey, aims to examine
lake sediments as a means of reconstructing the recent climate change of Signy
Island (60.43'8, 45"38'W) in the maritime Antarctic. The island is low lying(< 300
m) and has a small ice cap. There has been a considerable retreat of this
permanent snow and ice in the last 50 years, believed to be a result of a warming
trend seen in annual average air temperatures. Sediments from the seventeen
freshwater lakes on the island, all of which are glacial in origin, are likely to
provide excellent records of recent and past climate history.
To derive any meaningful climatic reconstructions using palaeolimnological
methods a multi-proxy approach is necessary. A full range of sediment
characteristics is to be assessed from short sediment cores taken from multiple
locations in each lake basin. The relationship between present day lake sediment
characteristics (particle size, water content, organic content) and diatom species
assemblages will be compared to clllTent catchment and lake variables. These
include lake morphology, water chemistry, the period of winter ice cover on each
lake, catchment geology, catchment land cover (permanent snow and ice, mosses,
lichens) and the influence of birds and seals. This database will form a baseline
dataset of current environmental conditions.
In the second stage of the project the relationships between sediment
characteristics and the lake and catchment types will be modelled, and then tested
using the uppermost sediments of lakes which have been subjected to a well
documented recent (past 30 years) deglaciation. The ultimate aim of the project
will be to reconstruct the Holocene climate of Signy Island using long sediment
sequences from key lakes, with inferences to past regional and global climatic
regimes.
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Based on about 60 taxa of plants recognised in palynological spectra from brown coal in
Central Poland (Jozwin open-pit) three habitats have been defined.
1. A lacustrine habitat with the community of water plants (Sparganium)
2. A swampy habitat with the community of mixed swamp forest (Alnus, Nyssa, Taxodium,
Sphagnum, Polypodiaceae) and the community of swampy shrubs (Araliaceae, Cyrillaceae,
Myricaceae, Magnoliaceae, Rutaceae, Ilex)
3. An ashore habitat with the community of the riparian forest (Ulmus, Acer, Olea, Fraxinus,
Carya, Celtis, Salix), the community of warm-like decidous and mixed forest (Carpinus,
Quercus, Fagus, Castanea, Castanopsis, Pasania, Juglans, Pterocarya, Platycarya, Picea,
Tsuga, Sciadopitys) and dry coniferous forest (Pinus, Sequoia)
The origin of the brown-coal deposits was associated with progressing overgrow of lacustrine
environment. Then, the extensive swampy areas developed, which due to steady subsidence
created sedimental basins infield by plant biomass produced by swampy communities. This
natural succession was interrupted by events related to changes of the water table, when the
shore-line moved inland.
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Varves in proglacial lakes provide continuous high resolution sedimentary records of
glacier changes and thus palaeoclimate. To quantify these changes, a calibration using
instrumentally recorded meteorological data is necessary.
The sediments of the high altitude (>1791 m) lakes Sils, Silvaplana and Champfer in the
Upper Engadine (central Swiss Alps) contain continuous records of glacial varves after 3300
BP and before 9400 BP which are uncalibrated. Varve thicknesses indicate both long-term
environmental variation over centuries and year-to-year shifts with some extreme amplitudes. It has been suggested that long-term trends are a function of glacier erosion capacity
in the catchment and thus glacier size. Short-term changes in varve thickness can reflect
summer air temperatures. For instance, over a time period of 2 decades, the annual deposition of glacially derived muds in high Alpine Lake Oeschinen was interpreted to be controlled by meltwater discharge. This, in turn, is controlled by summer air temperatures.
Daily measurements of meteorological data are used, in order to test these models in
general and to calibrate the varve records of the Engadine lakes in particular. An exceptionally long instrumental data set is available for the area which extends back to AD 1864.
However, if variations of meteorological data are compared to accumulation-rates, additional environmental changes have to be considered: (i) because Alpine glaciers lost about
50% of their volume since the maximum of the Little Ice Age in AD 1850, variations in local
glacier size gain importance in terms of catchment erosion and sediment supply; (ii) human
influences affected the lake productivity by nutrient input. This input has altered glacierderived accumulation rates due to formation of autochthonous sediments such as organic
carbon and diatom opal. These components have to be subtracted from the accumulation
record to isolate climatic signatures.
Preliminary results indicate a general trend of varve-thickness decrease from AD 1850 to
1920 which may be related to changes in glacier size. A data compilation of year by year
rates of glacier retreat is in progress. For some time periods (e.g. AD 1940 to 1990), there is
indication for a positive correlation of varve thicknesses and summer air temperatures. Opal
concentrations increase above a background level of around 1 % in the early 1960s. From
1965 until today values range between 10 and 18 %. This change clearly documents the anthropogenic eutrophication of the lake. Once the calibration of the above varve record is fully
achieved, the other Holocene varve sequences of the Engadine lakes of Sils and Silvaplana
can be reinterpreted in a more quantitative and process-related way. The calibration will
also be used to obtain a detailed reconstruction of the abrupt climate changes that occurred
in the area at the beginning, the end and perhaps during the Younger Dryas period.
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Groundwater systems in the Antarctic are relatively poorly defined despite an important role in
determing lake chemistry. The Bunger Oasis (101° E, 66°10' S) forms the largest ice-free
coastal area of East Antarctica. The southern part of the Oasis (Southern Hills) is a large
continuous land area of about 280 1cm2 with a high number of fresh-water lakes. To the north,
numerous islands of about 170 km2 altogether are separated from the Southern Hills by marine
basins and marine inlets (epishelf lakes).
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'8 m Lake' in the southern Oasis was selected as the study site based on its clearly defined
catchment area, lack of either in- or outflows and the uniformity of the catchment area substrate.
Numerous piezometer installations allowed sampling of groundwater throughout the astral
summer season and were supplemented by lake water, precipitation and snow sampling. The
studied lake had an unstratified composition and is ice-free for up to three months per year.
Current isotope ratios fall on the meteoric water line and are lower than those for all waters
entering the lake. Isotope and major ion analysis yielded data which was used in a variation of
a simple isotope balance model (0. MATSUBAYA, 1978) and in thermodynamic equilibria
models (PITZER) to simulate evaporation and groundwater/lakewater mixing processes,
respectively.
A rationalization of the present day lakewater was thus sought, premised by glacial or marine
sourcewater for the lake and taking into limited account the influence of wind-born sea salts. It
is hoped to apply the conclusions to other lakes of the Oasis, for which chemical data exists (E.
KAUP et al, 1993), as a means of limiting the extent of the marine transgression which preceded
geostatic uplift at the Oasis' formation.
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Yacoraite Formation (250 m thick) is an important Maastrichtian interbedded
siliciclastic-carbonate sequence, which was deposited in a lacustrine system in the
northwestern Argentina (Andina Basin).
The siliciclastic facies comprise a complex array of lithologies, which include
massive medium-grained sandstones, laminated fine and ripple cross - laminated to massive
pelites.
Carbonate rocks of Yacoraite Formation include massive to cross-bedded
grainstones/packstones, laminated to massive mudstones and wackestones, as well as
stromatolithic algal mats. Massive scattered flat-pebble conglomerate has been also
recognized.
Interpretations of depositional environment is a result of a detailed bed-by-bed
study, based on microfacies and paleoecological data. From a statistical stand-point,
Markov chain stratigraphic analysis have been used to detect idealized cycles. Due to the
thickness of the unit, the cyclicity analysis were conducted originally using three sections,
which are representing different lacustrine subenvironments.
Interbedded terrigenous-carbonate facies above described appear to be arranged in
different types of cycles. The most probable cycle varies from 70-90 cm up to 3 m.
Average thickness is around 2 m.
The basal section of the cycle consists of massive to medium grained sandstones,
associated with fine sandstones with a variety of ripples (asymmetrical, climbing and
oscilation ripples). According to their sedimentary attributes, these sandstone lithofacies
suggest a shoreline environment, which was intermittently subaerially exposed, indicated
by locally pedogenic features and desiccation cracks.
The sandstones facies previously described are overlies by bioclastic and/or
massive to cross-bedded oolitic-intraclastic, grainstones/packstones lithofacies, rich in
fresh-water fossils (ostracods, pelecypods, gastropods, and charophytes), which comprised
the characteristic nearshore zone. Alternating with the grainstones/packstones lithofacies,
thin laminated siltstones and stromatolites with typical laterally linked hemispheroids were
recognized. Otherwise, thin massive flat-pebble conglomerate are related with the above
described lithofacies.
The intraclastic floatstone were deposited by waves in connection with storms.
This interbedded sequence and its sedimentary features strongly suggest a shallow agitated
nearshore environment, probably with climatic episodic influence over the nearshore areas.
That is evidenced by the presence of dessication cracks not only on the stromatolites
surfaces, but also on the grainstones/packstones.
The upper section of the cycle is characterized by laminated mud-support
carbonate lithofacies, rich in articulated ostracods and gastropods. Laminated to massive
shale lithofacies, locally burrowed appears interbedded. The sedimentary features of these
lithofacies are interpreted to have been deposited in an open lacustrine setting.
The idealized cycles of Yacoraite Formation are characterized by the assemblage
of mixed terrigenous-carbonate facies interpreted as a lacustrine system, with periodic
fluctuations in the lake level related to climatic influence.
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The Remoredo Formation (Lias) is southwestern Mendoza-Argentina consists of
pyroclastic deposits, associated with continental facies. According to the lithological facies,
the unit can be subdivided into three sections. The basal section (150 m in thickness) is
composed of phenoandesitic pyroclastic rocks. These are overlain by an assemblage of
facies of shales and limestones rich in oncoids ( 19 m) indicative of lacustrine environment.
The upper section ( 16 m) consists of dacitic pyroclastic rocks with occasional fossil plants.
Four lithofacies constitute the lacustrine deposits of Remoredo Formation: 1.
laminated green to grey calcareous shales (thickness 40 cm). 2. laminated to massive dark
grey mudstones: Fossils are absent and the rocks consists mainly of lime mud with
disperse pyrite crystals. The beds thickness varies between 10 to 80 cm. 3. massive to
upward-coarsening dark grey oncoid wackestones. These occur in beds from 15-20 cm
thick. 4. massive dark grey packstones with abundant macro-oncoids. These lithofacies are
located near the base of the section, varying from 30-50 cm in thickness.
Oncoids have mainly ellipsoidal shape, although some spheroidal ones are present.
The variation in size is marked, ranging from 4-20 mm, but oncoids until 60 mm in size
were distinguished. These last ones are built up with two cores representing the oldest
oncoids. These types of oncoids are considered as compound coated grains.
The oncoids consist of an alternation of dark micritic laminae and grumose dark
brownish laminae, separate by dark areas rich in organic material. The laminae that
constitute the microstructure exhibit a concentric and continuous disposition. surrounding
the nuclei (peloids), which are of different shapes. The nuclei consist primarily of dark
microcrystalline calcite, although some nuclei contain fossil fragments. Because of
leaching, spar calcite crystals are also distinguishable as nuclei.
Based on the disposition of the laminae, two types of oncoids were recognized: a)
distinctly banded, well-defined concentric and continuous lamination (Type I). Eventually
it is possible to see laminae with grouth in one particular direction, b) a vertical arrange of
irregular and discontinuous laminae. Sometimes developing domal asymmetrical
The oncoids are associated with intrabasinal allochems such as
overgrowth (Type 13 ostracods (Darwinulaceae and Iliocypridinae), broked pelecypod shells and peloids.
Phenoandesitic lithoclasts are frequent.
The morphology of the oncoids could be used as an environmental indicator: the
oncoids with continuous micritic lamination (Type suggest the incessant wave action or
agitated conditions; otherwise, the discontinuous laminations (Type 13 - in many oncoids,
that imply discontinuous growth, suggest stationary conditions in the environment. The
presence of coarsening-upward oncoid wackestones and related oncoid packstones,
associated with intraclasts and broken fossil shells, appear to have been deposited by storm
wave erosion and reworking of oldest oncoids.
The vertical succession of lithofacies develops a shallowing upward trend with
their fossil assemblage reflect a clearly shallow freshwater nearshore lacustrine
environment. Finally the fill out of the lake is given by a full supply of subaereous
pyroclastic flows.

n.

n

102

n

Estimating the Rate of Sedimentation and the Accumulation of Contaminants : a
Case Study in the Subaerial Delta of the Mackenzie River (N.W.T. Canada)
NAME:
Elisabeth Graf Pannatier, Dennis Gregor* & J.-P Vernet
ADDRESS: Institute F.A. Fore!, University of Geneva, route de Suisse 10, 1290 Versoix,
Switzerland
*Waterloo Center for Groundwater Research, University of Waterloo, Waterloo,
Ontario, Canada N2L 3Gl
TITLE:

The Mackenzie delta, located in the low Arctic, belongs to a pristine environment.
Development of oil and gas exploitation will likely occur in the future and, before it starts, the
current contamination level (last 40 years) of the delta must be assessed. In this paper the
relationships between the sedimentation rate and the deposition of organic contaminants and
heavy metals in the sediments of the delta will be examined.
Lake and levee deposits have been chosen because they consist of fine grained sediments upon
which the hydrophobic contaminants would tend to be adsorbed. Moreover, they can be found
in areas receiving sediments throughout the open water season and thus can provide a
complete record of sedimentation. In July 1993 and March 1994, eight levees and eight lakes
have been cored in the outer and middle delta. These very shallow lakes (maximum depth of
about 4 m.) are connected to the main channels via distributary channels. At the edge of the
latters most overbank sediment cores have been collected.
Rates of sedimentation have been inferred from Cesium-13 7 profiles and from textural criteria
(felt-leaf layers for overbank sediments and varves for lake deposits). Heavy metals (Zn, Pb,
Cd, Cu, As, Hg) were measured via ICP-AES (Cd by AAS), and organic contaminants (PAHs,
n-alkanes, PCBs, organochlorine/bromine compounds) were analysed by GC/MS and
GC/ECD.
Most results obtained so far concern the overbank sediments. The total thickness of sediments
deposited on levees in 40 years is highly variable (from 21 cm to 54cm) because of erosive
events. When the levees are protected from erosion, the sedimentation rate is approximately
1.3 :t: 0.3 cm/year. Metal concentrations in these sediments reflect pristine conditions,
consistent with those found in the Beaufort Sea and the Great Slave Lake. Total hydrocarbons
range from 3 to 41 µgig dry weight, which is caracteristic of non-polluted areas:
- distribution of n-alkanes is dominated by terrestrial plant alkane suite,
- PAHs have been detected at very low levels and their distribution is typical of natural sources
(erosion ofbituminous shales bedrock, petroleum seeps),
- PCBs and organochlorine/bromine compounds have not been detected.
In lake sediments, millimetric dark silty laminae (50% particles < 16 µm) alternate with
centimetric light clayey-silty layers (80% particles< 16 ~tm). Cesium-137 profiles have shown
that these alternating layers of similar mineralogical composition are annual and probably
related to flood and summer deposits. The rate of sedimentation in connected lakes is
approximately 0. 9cm/year.
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The generation of hydrocarbons causes lubrication of source rock bedding planes which
can enhance deformation during basin subsidence and subsequent tectonic events. The
deformation is manifested as slickensiding on bedding surfaces, low-angle microthrusting,
normal microfaulting, and ductile deformation of organic-rich laminae. Deformation includes
decollement, i.e. gravitational sliding of rocks above the lubricated horizon. In cyclic
sequences, such as occur in lacustrine basins, decollement is generally restricted to the organicrich beds of the cycle, which may represent a very small proportion (< 10% thickness) of the
total succession. At even shallow angles of a few degrees (i.e. almost all sequences), each
black shale unit may be a site of decollement along bedding planes, allowing down-dip
movement of the overlying rock pile.
Case studies of decollement in lacustrine successions in the Devonian Orcadian Basin,
Scotland, and the Jurassic Hartford-Deerfield Basin, USA, show that decollement occurred in
the current down-dip orientation. Bedding surfaces exhibit concentrations of bitumen,
representing local hydrocarbon generation. The presence of hydrocarbons on bedding planes in
oil source rocks is possible at an early stage of oil generation, when the kerogen in the rocks is
releasing oil into the mudrock pore network (primary migration) but migration out of the source
rock (secondary migration) may not have commenced. These extensional basins experienced
rapid subsidence and a high heat flow such that hydrocarbon generation, and therefore
decollement, occurred early in the basin histories. Early oil generation is also enhanced from
carbonate-rich lacustrine rocks. During extension, half-graben rotation ensured that the beds
were dipping during hydrocarbon generation, allowing decollement. Inversion of the Orcadian
Basin saw reactivation of decollement surfaces, involving thrust motion in some cases.
The depth and timing of decollement are important because it involves the displacement
of very large rock masses which may have consequences for hydrocarbon trap/seal
configurations and possibly migration pathways. Minerals precipitated in tension cavities
associated with decollement yield fluid inclusion homogenization temperatures in the range 85
to 110·c for the Orcadian and Hartford-Deerfield basins. These data are consistent with burial
into the oil window at depths of between 1.5 and 2.0 km.
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Cretaceous sediments and Tertiary volcanic rocks are the main lithologies in the West
Greenland Basin in the exposures at Disko and Nuussuaq. The syn-volcanic sediments are
marine, lacustrine or fluvial and are of middle and late Paleocene age. Two shale units are
interpreted as lacustrine on basis of their high TOC (up to 8 %), their lack of pyrite, and the
absence of dinoflagellates which are present in the contemporaneous marine shales.
Two fossil lakes are identified: the Naajaat lake and the Assoq lake, informally named after
prominent exposures. The deposits of the Naajaat lake vary laterally from shales to
hyaloclastite breccias. Shales interbedded with thin tuff layers accumulated in the Assoq lake.
The lakes recieved clay and silt from two provenance areas, an eastern of crystalline rocks
with a cover of Cretaceous and younger sediments and a western of volcanic rocks. The quartz
content (more than 40 %) in all samples of lacustrine shales indicates that the crystalline
terrain continuously supplied large amounts of clay and silt to the lakes. The volcanic terrain
was built from two magma types. The older, picritic magmas produced huge volumes of
hyaloclastites. The co-eval Naajaat lake recieved smectite but rarely gibbsite. The younger,
basaltic magmas formed subaerial lavas with lateritic tops. Shales from the co-eval Assoq lake
contain gibbsite in all samples.
The sand-sized tuff layers in the Assoq lake, are too strongly weathered to permit an
identification of the magmas that produced the tuff.
In both lakes the dark grey, silty shales pass gradually up into fine-grained, rippled and
laminated sandstones. The coarsening upward successions indicate that the lakes rapidly
attained their maximal water depth, subsequently were filled, and gradually changed into
fluvial dominated environments. The sedimentary facies within the Assoq lake vary laterally
and show that sediment supply and water depth changed locally. No sedimentary features in
the Naajaat shales have been recognized as evidence of interruption of the overall shallowing.
However, the volcanic rocks adjacent to the Naajaat lake show at least three deepening events
in which the lavas were flooded under c. 25 m of water. Probably the deepening was due to
loading by the volcanic pile, and the effect of this loading diminished between the flooded
lava shoreline and the sites of elastic mud accumulation c. 20 - 40 km away.
The water depth in the Naajaat lake was up to 400 m, as demonstrated by foreset-bedded
hyaloclastite breccias. Elsewhere the thickness of the lacustrine shales indicates minimum
water depths of 80-125 m. The areal extent of the syn-volcanic lakes is tentatively estimated
as 100-10000 km2•
The deep-water facies at the base of each lacustrine shale unit indicates a rapid flooding
probably caused by creation of a barrier behind which the fluvial run-off was stored. The
flooding occurred in response to volcanic and tectonic factors. The lacustrine nature of the
shales precludes that the flooding was directly linked to eustatic changes in sea level. A
volcanic barrier can be demonstrated to have existed prior to the Naajaat lake and to have
dammed marine water (Pedersen et al., in press). Differential tectonic subsidence can be
demonstrated from marker horizons within the subaerial lava series. An eastward and
southward shift in the elastic sedimentary depocentres, each of which contained a lake, took
place during the Paleocene.
Pedersen, A.K., Larsen, L.M., Pedersen, G.K. &. Dueholm, K.S. (in press) Filling and plugging of a marine basin
by volcanic rocks: the Tunoqqu Member of the Lower Tertiary Vaigat Fonnation on Nuussuaq, central West
Greenland. Current Research, G~nl. Gcol. Unders., ...

105

· TITLE:

ANALYSIS OF FOSSIL CLADOCERA AS AN INDICATOR OF
HUMAN IMPACT ON THE LACUSTRINE ECOSYSTEM. AN
EXAMPLE FROM WIELKOPOLSKA, POLAND

NAME:

Ilona Polcyn

ADDRESS:

Institute of Geological Sciences, Polish Academy of Sciences, Zwirki i
Wigury 93, 02-089 Warsaw, Poland

During the last few years, central Wielkopolska has become a focal point of
paleoecological studies aiming to reconstruct the natural environment of the late Glacial
and early Holocene period up to contemporary times. Paleoenvironmental research
conducted in this area has included, among others. an analysis of fossil Cladocera remains.
This research is concentrated on two sites - Lednica and Giccz - which were
important political and economic centres of early medieval Poland in the tenth century BC.
The history of settlement in these areas extends over thousands of years as is borne out by
the noted archeological traces of settlement continuity reaching back as far as the Stone
Age.
This paper deals with the results of Cladocera analysis of biogenic sediments
taken from the ancient lacustrine basin in Giecz. Changes among Cladocera populations
presented in a graph were compared with the various phases of settlement in this area. An
attempt was made to correlate the phases of increased eutrophication in the lake with
particular prehistoric cultures as well as with the period of the Middle Ages.
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Along the steep western flank bordering the North Baikal basin, an area near
Zavorotny (40 by 12 km) is characterizedby a few anomalous high heat flow sites and
a structural situation that is more complex than a single slope geometry. Sixty-eight
new heat flow determinations and a dense echosounding survey were performed to
investigate heat flow distribution and basin geometry. Instead of the one single slope,
corresponding to the major fault. the transition to the lake basin occurs in three steps,
each probably coinciding with separate faults. Inland, the westernmost fault scarp is
severely intersected by NE-SW to E-W trending faults. locally prolongating into the
lake border (aerial photographs interpretation, satellite image processing and field
observation). Off-shore there is a left overstep of two fault segments forming a transfer
zone. This overstepping zone is interpreted as a relay ramp; a basement high, whereon
small basins are formed and which is bordered to the Baikal basin side by horst-like
structures, flattens to its northeastern termination. In this relay ramp stresses can occur
different than the far-field stress. They will be highest on the tips on the main faults
and locally in the ramp where fractures can develop.Study of the measured heat flow
distribution evidences the existence of three small-sized areas (3 by 4 km) of
previously measured anomalous high heat flow (up to 999 mW/m2; Golubev, 1993)
which overlay a background heat flow of about 55 mW/rn2. Heat flow values were
corrected for sedimentation and topography; variation in near bottom water
temperatures, slumpings and blanketing effect were not considered because of to small
effect or insufficient information. In some stations up to three one-meter depth heat
flow intervals could be determined. All of them showed within the measuring error a
constancy of heat flow with depth. The distribution of the small-size heat flow
anomalies and structure of the Zavorotny area suggest that the anomalies coincide with
location of stress concentration or relaxation in the fault overstepping zone. This can
produce imaginary gaps of strong deformation; these gaps can be used to transport
heat to the surface. No information is known about the source of the high heat flow,
however, some suggestions can be made. Analogous to the Frolikha hydrothennal vent
along the eastern shore of the lake, the local extent can be an indication of
hydrothermalism. Accurate CTD near bottom measurements and chemical studies will
have to evidence hydrothennalism and the nature of the fluida : meteoric or magmatic.
Extra heat loss can also occur by migration of gas-containig fluid along faults or
recycling of water and methane from decomposing hydrate. Important pathways for
hydrocarbons migration can occur in large-scale relay ramps. especially when they are
structural highs as the Zavorotny area flanking a deeper basinal area. Increased coarse
elastic input in those sites sealed by overstepping faults, are in favour for gas hydrates
migration. More investigations will have to constraint the source of the high heat flow
in three small sites in the Zavorotny structure.
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Diatoms were studied from lacustrine sediments of Bunger Hills. Cores were sampled from
a large Figurnoye Lake and four smaller lakes (Dolgoye, Dalekoye, Dolinnoye and
Burevestnik). A remarkable feature of freshwater diatoms in investigated sediments is the
poorness of taxons. 17 species of diatoms are established including 5 planktonic and 12
benthic species. Climatic and glacial fluctuations indicated in the cores may be reflected by
changes in abundance of diatoms. Ages of different stages of sedimentation in lakes were
defined by radiocarbon dating.
Freshwater diatoms were found in sediments dated as 9-9,8 kyr BP. Abundant diatoms
were presented by Amphora veneta (80% of total assemblage composition). In Middle
Holocene sediments (4,5-6 kyr BP) the abundance of diatoms decreases. This stage seems
to be warmer then Early and Late Holocene as indicated in cores by increased terrestrial
material due to melting of glaciers.
The abundance and species diversity increase in the upper parts of cores. The freshwater
diatom assemblages are dominated by Amphora veneta. Achnanthes aff.trinodis, Stauroneis ·
anceps are presented with high abundances too. Low abundance of diatoms was noted in
sediments dated as 200-300 yr BP.
Environments of Bunger Hills diversed very much through the Holocene. Diatom
assembleges indicate severe conditions, when development of only one or several species
occured. An increase in abundance and diversity of diatoms in Late Holocene shows water
to be rich in organic matter and mineral components. Results of the diatom analyses make
possible to determine changes of water pH in different lakes. Our data are in sufficiently
agreement with results of diatom investigations carried out by European scientists
(S.Bjorsk, H.Hakansson, RZale, W.Karren, B.L.Jonsson, 1991, R.Schmidt, R.Mansbacher,
J.Muller, 1990) in various lakes of Antarctica.
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The eocene oilshale pit Messel in the vicinity of the village Messel is situated in the South of
Frankfurt/Main (Hesse, Germany). It is famous for its rich fossil fauna and flora. Fossil
specimen include plants as well as animals, vertebrates and invertebrates. The fossils are also
amazing for their body structure in an excellent preservation (fossil bacteria) and the
conservation of gut contents of vertebrates and insects, minor structures of plants and even the
colour of some beetles.
The quantity and quality of the fossils however gave us evidence for reconstruction of the
fossil environment. The fossils include a broad ecological spectrum from semiaquatic, aquatic
and terrestrial animals (even bats) and plants. Fossil plant families and the numerous crocodile
species suggest a tropical to subtropical forest which resembles those nowadays found in
Southeast Asia. Because of the fossil flora and the fossil beetles the geographical region of the
demanded lake should be in Southeast Asia and not in Africa or South America.
Some scientists involved in Messel research (zoologists, botanists, geologists and
vulcanologists) intend to conduct studies on this Southeast Asian lake. Studies should include
limnology and sedimentology of the lake, ecology of different water animals and ecology and
diversity of different groups of animals (focussed on insects and small mammals) in the
environments of the lake and in their relation to the lake.
The Southeast Asian lake and its surroundings should serve as a recent and living model for
eocene lake Messel and for a better understanding and interpretation of the eocene oilshale
and the favourable conditions of fossilisation in Messel.
Therefore the recent lake should have similar climatic and ecological conditions like eocene
lake Messel. These conditions will be introduced (i.e. minimum 1 square kilometer, 50-1 OOm
deep, surrounded by primary rainforest, none or very less human influence especially in the
water quality, shores partly steep, partly gentle, at least one river should feed the lake) and the
three existing models discussed: 1. A basin within an extensive river system, 2. A small
section of a large lake and 3. A deep crater lake (maar) in a subtropical rainforest.

Schaal, St. & Ziegler, W. (eds., 1992): Messel - An insight into the history of life and of the
Earth. Clarendon Press, Oxford 322pp.
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Lacustrine basins and deposits of Central Asia are extremely poor investigated,
although different ore-minerals (salt, zeolites, ore-placers, coal, oil-shales, building
materials and others) related with them. The study of the lacustrine basins history, their
geological constitutions, the analysis of water and sediment-forming processes in the lakes
are significant and allow one to investigate the processes of continental sedimentogenesis
affected on the geological structures and lithological characteristics of the lacustrine
deposits, as well as to analyze the regularities of ore-minerals distribution. Assessment of
the ecological conditions of the region is necessary to decide the ecological problems
related with the modern lakes and to control and improve the ecological situation.
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Small freshwater or saline lakes are common in several segments of the eastern branch of the
East African Rift system. Most of these lakes lie in small closed drainage basins in strongly
asymmetric half-grabens that are controlled by various meridional (N-S) or transverse tectonic
trends. These tectonic trends can influence the drainage pattern, may produce basin
comparttnentalization, and conrrol hydrothermal recharge to several lakes through subaerial and
sublacustrine springs.
Lake Bogoria is a small, shallow ( l 0 m) perennial saline, alkaline lake occupying a half-graben
in the central Kenya Rift. It is an ideal example to demonstrate the complex interplay between
climatic changes and tectonic, volcanic or hydrothermal events. Today the lake is recharged
mainly by rainfall, ephemeral streams, the Sandai-Wasages River (perennial in some years),
and abundant hot springs. Lake surface level fluctutaces both seasonally and in response to
changes in precipitation over a wide range of time scales. From 1970 until 1994, lake level
fluctuated between 989 m and 993 m above sea level.
Cores drilled in each of the three lacustrine sub-basins have indicated variable sedimentary
responses to late Quaternary environmental changes. Upper Pleistocene-Holocene
sedimentation in the axial basin is represented by alternating organic-rich oozes and metre-thick
evaporite beds that reflect periods of regional climatic variations. However, while organic-rich
muds commonly accumulate during humid phases with high lake levels, phytoplankton blooms
can also occur during periods of low lake level and wanner waters, thus the relationship is not
simple. Drier periods with high evaporation may induce low lake levels, with a correlative
increase in salinity and precipitation of sodium carbonate evaporites. However, the proportion
and composition of lake recharge deriving from hydrothermal sources also varies through time,
influencing lacustrine sedimentation and complicating this relationship. During low lake levels,
most lake recharge is saline and from hot springs. During high lake levels, hydrothermal
recharge may increase in volume, but decrease as a proponion of the total lake recharge.

I

Freshwater input is controlled by climatic conditions, but also by passive or active tectonics.
The Sandai River, which is the main freshwater affluent of Lake Bogoria, has changed its
course at least once, perhaps many times, during the last 30,000 years. These changes may
have been seismically induced, as the lower course of the river appears to be clearly controlled
by a Nlso· transverse tectonic trend that has probably been active since at least 0.3 Ma.
Neotectonic movements along these main transverse zones can also induce changes in the
hydrothermal activity around and below the lake. Variations in the hydrothermal recharge of
Lake Bogoria, which are also recorded by mineralogical and chemical changes in the spring
deposits, may thus be related both to climatic changes and to normal and lateral movements
along the fault system conrrolling the basin.
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Our ability to understand decade-to-century scale climate variability in the
equatorial tropics is constrained by the limited number of intermediate to high resolution
proxy climate records available from this region which extend back to the mid-Holocene.
Within the tropical Pacific, long-term records are important for examining the linked
oceanic-atmospheric processes that regulate the El Nino/Southern Oscillation (ENSO)
phenomenon, and which ultimately affect global climate. The Galapagos Islands lies within
the core ENSO region, and experience consistent precipitation anomalies during ENSO
events. Analyses of sediment cores from lake basins in these islands which encompass a
wide range of salinities are being used to reconstruct the precipitation regime of this
region, and to document changes in the frequency and intensity of paleo-ENSO events. The
focus of this study is a 3.96 m sediment core retrieved from Bainbridge Crater Lake, a
shallow (<3m), closed-basin hypersaline (145 mS/cm, Na>Mg-Ca-S04-Cl) lake on
Bainbridge Rocks. Basal sediments date to 6170±55 yr B.P. (AA-9074), and preliminary
studies suggest that this lake has experienced dramatic fluctuations in salinity within its
history. Analyses of fossil diatoms, sediment geochemistry and mineralogy from this
sequence and parallel cores, together with AMS radiocarbon dating, are being used to
monitor historical changes in salinity at this site and to establish a proxy record of
paleoprecipitation for this region of the eastern equatorial Pacific.
The Bainbridge sediments contain numerous laminated sequences, organic-rich
sections, algal mats {primarily Cyanobacteria) and intervals of evaporative minerals
(gypsum. carbonates, halite). About 83 thin (< 2mm) dark brown laminae appear
throughout the column, typically associated with the organic-rich sections. Diatom
assemblages within the evaporative deposits and algal mats are species-poor, and contain
taxa characteristic of hypersaline conditions (Amphora spp., Nietschia spp.). Species
richness is higher in the organic-rich sections and thin laminae, and metahaline or brackish
water diatoms predominate. Six organic-rich sections are present throughout the core, four
within the last 3000 yr. About 60 thin laminae also occur within this time interval. These
sections, together with the thin brown laminae, are interpreted as periods of reduced lake
salinity, increased productivity, and increased precipitation. It is likely that such decreases
in salinity reflect changes in the regional precipitation regime, and increases in ENSO
frequency or intensity. Data suggest that salinity has been high for much of the last 1500
yr of the record with a brief period of lower salinity/increased precipitation occurring at
-800 yr B.P.

112

TITLE:

TRACE FOSSILS IN ANCIENT CONTINENT AL GYPSUM
SEQUENCES: A TOOL IN PALEOENVIRONMENTAL ANALYSIS

NAME:

J. P. Rodriguez-Aranda and J.P. Calvo

ADDRESS:

Dpto. Petrologia y Geoquimica. Fae. CC. Geol6gicas, Univ. Complutense.
28040 Madrid. Spain

Sedimentological and paleoenvironrnental studies in ancient evaporite sequences deposited in
continental settings are often difficult because of common pervasive diagenetic transfonnation
of the primary facies and lacking of recent analogs for some evaporite depositional patterns.
In spite of the well documented fauna and flora occurrences in recent environments (Friedman
and Krumbein, 1985), difficulty in recognising traces of life associated with ancient evaporite
sequences is an additional factor that affects negatively their interpretation. In this paper we
focus on trace fossils occurring in continental, mainly lacustrine evaporite fonnations which
may be used as a solid tool for interpreting paleonvironments of gypsum facies.
A variety of trace fossils occurs in continental Miocene deposits of the Madrid Basin, central
Spain. The evaporite sequences consist mainly of massive lenticular gypsum reaching up to
I 00 m in thickness. The microfacies of gypsum comprise esentially three fabric types: I)
unimodal micro- to mesolenticular gypsum, 2) bimodal meso- to macrolenticular gypsum, and
3) anhedral gypsum that commonly shows dissolutional and/or reprecipitation features
(Rodriguez-Aranda, 1995). In these deposits, a variety of fossil traces attributable to roots
(bushes) and/or bunowing by meiofauna (insect larvae, adult insects and annelids) has been
recognised. In spite of the abundant bioturbation traces, no fossil remains, i.e. valves or other
skeletal parts of organisms, have been observed within the gypsum.
The detailed analysis of the trace fossils provides new insight for interpreting these thick

lenticular gypsum sediments which do not have appropriate recent environmental counterparts.
We interpret that the sedimentary environment in which gypsum fanned was a shallow lake
with moderate salinity ( < 150 g/1 7), compatible with subaqueous bioturbation by insect
larvae, very probably Chironomidae. The insect bunows consist of submillimetric to
millimetric striotubules which are thought to be fanned at the time of gypsum precipitation.
Short periods of relative dilution of lake water are underlined by the development of bigger
(centimetric) striotubules that are more abundant in marginal lacustrine facies and were
probably related to activity of adult and larvae insects as well as annelids. Burrowing by
Coleoptera?, resulting in trace fossils characterised by a pattern of horizontal and vertical
branches with massive infilling, are also recognised in the marginal, gypsiferous carbonate
facies. In addition to this scheme of trace fossil distribution across the lake, desiccation stages
in the lake system were accompanied by a complex network of rafts and tunnels with passive
infilling (root systems of bush vegetation). During these desiccation stages, the lenticular
gypsum underwent partial anhydritization.

II
Ill
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Similar burrow structures have been reported from lacustrine evaporite fonnation, particularly
of Tertiary age in Spain and France. We consider they are relevant as a tool for
paleoenvironmental interpretation of these fonnations and besides they controlled early
diagenetic processes in gypsum, so they can be used for establishing the chronology of these
processes.
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Several short cores taken in Lake Neuchatel have been analyzed to reconsrruct the past climatic
evolution during the Holocene.
The sediment is mineralogically composed of autochtonous carbonates (calcite) and
allochtonous silicates (quartz. feldspar and phyllosilicates). The measured variations
correspond to the dilution of lacustrine chalk by detrital minerals. Among the geochemical
parameters. the total carbon content reflects this dilution. Low total carbon content correlates
with higherdetrital lake inflow.
The detrital inflow is caused by increased erosion, flooding and sediment transport in time of
lower temperature, higher precipitation and glacial advance.
The variation of total carbon has been used as a high resolution indicator for climatic and
palaeohydrological evolution recorded in lake sediments. and allows to recognize the signature
of the Little Ice Age (and previous periods of similar character during the Holocene) in l...ais
Neuchatel.
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It has always been assumed that Lake Taupo, the largest lake in New Zealand, is a
groundwater sink, that is groundwater only enters the lake and does not leave via the
subsurface. The contribution of groundwater to the hydrologic budget of the lake has been
estimated to be about 5% of the total contribution from all sources of water. However, it has
also been estimated that 95% of the surface inflow into the lake from catchments with thick (115 m) recent volcanic deposits has passed through the sediment. This is because these
catchments are mantled by a shallow, pumice aquifer that is exceptionally porous and
permeable. These characteristics result in high infiltration rates of water into the aquifer and
discharge as springs that feed the rivers entering the lake. There are also deeper ignimbrite
aquifers that have not been accounted for in hydrologic budget calculations, and there is an
unknown, but important contribution of geothermal water to the chemical budget of the lake.
The deeper ignimbrite aquifers are dominated by fracture permeability, but maintain a sufficient
matrix permeability that allows significant water-rock interaction through most of the unit.
The degree of matrix permeability is in tum controlled by the degree of welding in the
ignimbrite.
Because such a high proportion of water entering the lake has had contact with the sediments
and rocks in the catchment, the influence of water-rock interactions on the chemical
composition of Lake Taupo water cannot be ignored. It has been recognised that the mass
outflow of the lake is greater than the mass inflow. In particular, there is a pronounced
enrichment of sodium and chloride in Lake Taupo that cannot be accounted for solely by
recharge processes. Two alternative mechanisms have been proposed I) geothermal fluids,
and 2) weathering of rhyolitic pumice in the lake sediments. Although sodium enrichment may
be caused by either mechanism, chloride enrichment is mainly by geothermal fluids. However,
excess chloride in the mass balance is close to that of sodium, suggesting a common source.
Preliminary investigations indicate that the contribution from geothermal sources could be
higher than previously indicated, but further investigation is needed to determine whether
sodium enrichment in Lake Taupo water is solely leaching dependent or ifit is combined with a
strong geothermal contribution.
This paper examines the previous assumptions made in these two budget calculations and
provides new information based on measured groundwater compositions and flows into Lake
Taupo. The purpose of this is to refine the relative contributions of the various chemical
components that determine the chemical budget of Lake Taupo.
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Basal sediments of two lakes, situated ten kilometers apart on the Skagi peninsula, North
Iceland, were investigated with the aim to reconstruct climatic and vegetational changes at
the last glacial-interglacial transition. Terrestrial and limnic plant successions were
reconstructed from pollen-analytical data, while changes in limnic productivity were deduced
from Pediastrum (green algae) and organic carbon data. Reconstructions were facilitated by
lithostratigraphic studies, including detennination of saturation isothermal remanent
magnetization (SIRM) and X-ray photography. As these two sediment sequences provide the
first Icelandic biostratigraphical records reaching into the Late Weichselian, it is now possible
to see how limnic and terrestrial environments in the middle of the North Atlantic responded
to the Aller0d-Younger Dryas-Preboreal oscillation.
Initially, productivity was very low in both lakes, and a pioneer vegetation with grasses
and fell-field herbs dominated the area. At c. 10,900 BP climatic and soil conditions enabled
spreading of Betula nana, Salix, Juniperus and Empetrum, and a contemporaneous expansion
of Pediastrum and increased organic carbon content indicate increased lake productivity. At
the same time Myriophyllum altemijlorum and lsoi!tes colonized lake bottoms, suggesting a
July temperature of at least lOaC. Evidently, this was a period of seasonally ice-free and
favourable light conditions in both lakes.
The onset of the Younger Dryas cooling is dated to c. 10,600 BP, and it is marked by a
drop in organic carbon content and drastically lowered Pediastrum and limnophyte
concentration values in both lakes. At the same time terrestrial pollen concentration values
fall significantly, and all shrub and dwarf-shrub pollen except B. nana disappear. All these
data point to very short seasons without lake ice.
By 9900 BP terrestrial pollen concentration values increase, and Oxyria + Rumex ala and
Koenigia islandica become important pollen taxa. Fell-field herbs like Caryophyllaceae and
Saxifraga also indicate that new areas of raw minerogenic soils were available for
colonization. At the same time limnophyte taxa reappear, and Pediastrum expands. Increased
lake productivity is also evident from higher organic carbon content. Once again, both lakes
were free of ice-cover during a substantial part of the year. Further wanning at c. 9400 BP
is indicated by extremely high Pediastrum concentration values, higher organic carbon
content, as well as raised terrestrial pollen concentration values and re-establishment of dwarfshrub heaths in the area.
These limnic and terrestrial data have implications for the reconstruction of marine polar
front positions in the North Atlantic during the last deglaciation. According to Ruddiman &
Mcintyre ( 1981) the polar front did not reach north of Iceland prior to the southward
migration during Younger Dryas, while the limnic and terrestrial data presented here suggest
that the waters immediately north of Iceland experienced long seasons without sea ice and a
polar front position north of Iceland during the Aller0d interstadial.
Ruddiman, W. F. & Mcintyre, A. 1981: The North Atlantic Ocean during the last
deglaciation. Palaeogeography. Palaeoclimatology, Palaeoecology 35, 145-214.
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Sixty meters of glaciolacustrine sediments outcrop at Lemstrup Klint in the northern Jutland,
Denmark. The sediments were deposited in a proglacial environment 25.000± 500 years B.P.
The sediments show an increasing level of energy, i.e increasing flowregime, from laminated
mud in the lower parts to cross-bedded sand in the upper parts. The glaciolacustrine deposits
overlie marine mud with a fauna including Hiatella artica. The boundary between the marine
mud and laminated lacustrine clay, silt and very fine sand is not exposed. The laminated mud
are assumed to be deposited as lake bottom deposits in the distal part of a huge glacier-fed lake.
The laminated lacustrine sediments are overlain by fine-grained sand characterized by climbing
ripples.
The glaciolacustrine deposits in the uppermost 20 meters of the cliff comprise several channels
of fine-grained sand. These are draped by silty beds which indicate intermittent low-energy
conditions.
The beds with climbing-ripples were deposited under varying flow conditions.
Climbing ripples form when bedload transport rate over migrating ripples decreases
downstream or when ripples receive sediment from suspension (Ashley et al . 1982). The angel
of climb expresses the rate of change of flow velocity and bed shear stress, with respect to time
and distance (Allen, 1971 ).
The ripple types defined by Jopling & Walker ( 1968) and Allen (1973) relates flow conditions
to sedimentary structures. Type A ripples, in which only the lee-side is preserved, represent
rapid migration of ripples and low rates of aggradation. Type B ripples are characterized by
sediment deposition on the stossidc as well and represent more slowly migrating ripples and a
high aggradation rate. However, flume experiments have shown that ripples in the fossil record
must be reinterpreted in terms of equilibrium versus non-equilibrium conditions before
considering them to be diagnostic of palaeo-current velocity (Baas et al., 1993; Baas, 1993).
Aume experiments show that climbing-ripple beds can be deposited very rapidly.
Ashley et al. ( 1982) have shown that 20 cm thick climbing-ripple sequences comparable to
naturally occuring climbing ripples arc deposited in 1.5 - 3 hours at flow velocities of
15-40 cm/sek and aggradation rates of 5-15 cm/hour. Considering this, the succession of
climbing ripple beds at L0nstrup Klint might have been deposited within one summer.
References:
ALLEN, J.R.L. (1971}. A theoretical and experimental study of climbing-ripple crosslamination, with a field application to the Uppsala esker.Geografiska Annaler, 53 A,
157-187.
ALLEN, J.R.L. ( 1973). A classification of climbing-ripple cross-lamination.
JI. geol. Soc. Lond., 129, 537-541.
ASHLEY, G.M., SOUTHARD, J.B. & BOOTHROYD, J.C.(1982}. Deposition of
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A syngenetic karst is defined as a karst resulting from the subaerial exposure of sediments
(usually carbonate and/or evaporite) that simultaneously undergo lithification and further
dissolution (Jennings, 1971). This has been commonly observed in marine carbonate
platforms at times of sea-level fall but it may be also recognised in lacustrine carbonate
formations, especially in those fanned in shallow lake systems. Lacustrine limestones from
the Upper Miocene Unit of the Madrid Basin offer a good example of a syngenetic karst
which is relevant in tenns of stratigraphic time interval as it marks the Miocene-Pliocene
disconfonnity in the area (Sanz et al., 1994). Features such as pseudomicrokarst, that has
been documented as characteristic of palustrine deposits, are not included in the syngenetic
karst concept since they represent shorter exposure periods.
The karstic profiles developed in Miocene limestones of the Madrid Basin display
three different horizons, each related to a distinctive karst hydrologic zone. From top to
bottom, these horizons are: a) the upper horizon, ranging 2-3 m in thickness, shows a
network of vertical pipes reaching up a few centimetres in diameter. The host limestone
consists mainly of biomicrite with carophyte, gastropods, and ostracods, and displays
abundant alveolar textures. The walls of the pipes are typically lined by microsparite mosaics
that replace the host limestone whilst the central parts of the pipes remain empty. These
features suggest the pipes fanned after root tubes and the upper horizon corresponds to the
vadose zone of the karstic profiles. b) The middle horizon, averaging 40 cm in thickness,
displays characteristically centimetre-sized, horizontal caves that occur at different levels. The
caves have planar floors and convex up roofs though occasionally they show more complex
T or keyhole morphologies. 1be caves are veneered by spelean-like fabrics such as calcite
rafts, flowstone, popcorn, etc... These forms, whether due to dissolution or precipitation, are
characteristic of the water table oscillatory zone, so indicating the location of the phreatic
level during development of the karst profile. c) The lower horizon does not show mesoscale
dissolutional features. However, the host limestone has been strongly neomorphised into
pseudospar and contains vugs inftlled by spar mosaics. We interpret this horizon as defining
the phreatic mne of the karst profiles.
From the previous description we propose a model for the syngenetic karst developed
at the top of the Upper Miocene limestones of the Madrid Basin. After desiccation of the
carbonate lakes the water table in the area underwent a significant fall (approximately 2
meters) that favoured the newly exposed sediments to be rapidly colonized by plants
extending their roots downward until the water table. After decaying of the roots the related
holes behaved as preferential paths for water percolating into the host limestone. This model
of syngenetic karst fonnation is envisaged as an effective working pattern for carbonate
lacustrine sequences particularly in areas where continental fonnations are subjected to main
environmental or tectonic changes.
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The living ostracods from Lake Arendsee are figured. The most species can be found in upper
littoral. No ostracods and only a few chironomids were present in the lower profundal. The
population of some ostracod species, e.g. of Cy1heris.m ku.:u.\Jris, is very small and will be
extinguished in the next future, if the eutrophication will not be stopped and reduced. Species,
which are characteristic for the oligotrophic and the eutrophic Jake are present in Lake Arendsee.
Additionally one species, which prefers oligohaline conditions could be detected. This explains
the high number(l9) of ostracod species.
The living ostracods of Lake Arendsee are compared with those found in a 52 cm long freeze
core. In the freeze core taken at the deepest site of the lake (49.5 m) only a thanatocoenose could
be found. There are significant changes in the thanatocoenose from the oldest to the youngest
part of the freeze core. The development of the ostracod fauna refects the eutrophication. The
results can be confirmed by the development of the cladocerans.
The short-time appearance of the ostracod Potamocypris unicaudara in the freeze core is
interpreted as an increase of salinity caused by the the fonnation of Lake Arendsee by solution
of a salt dome in the underground.
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Lake Baikal, Siberia, and Lake Malawi, East Africa are among the world's largest
lakes, and are often considered the classic examples of lacustrine rift basins. Seismic data
acquired on these lakes over the past several years have provided new insights to the
character of the stratal architecture of lacustrine rift systems.
Lake Baikal contains more than 8 km of syn-rift sedimentary fill, and is situated in
a high-latitude temperate climate, between about 51° and 56°N. Lake Malawi is a tropical
lake located between about 9° and 14°S.
·
The hydrologies of the two systems are very different. In the Lake Baikal basin,
about 90% of the annual water loss is through the outflow of the Angara River, only about
10% is lost through evaporation. Water levels are relatively insensitive to minor changes in
the evaporation precipitation ratio, and are effectively controlled by the elevation of the
shallow sill at the lake outlet. In Lake Malawi, however, on the order of 90% of the annual
water loss is via evaporation. This results in seasonal fluctuations in water level of 1-2
meters, and fluctuations of more than 100 m over a time scale of centuries. Lake level
fluctuations of more than 300 mare thought to have occurred on time scales of 1-25 kYr..
The net effect on strata! architecture is that abundant shallow erosional
unconformities are observed in Lake Malawi, particularly on the flexural margins of halfgraben basins. Such boundaries are not as prevalent in Lake Baikal. Whereas climate and
tectonics are both dominant controls on the stratal architecture of tropical lacustrine rift
basins, tectonic processes probably dominate the development of the stratigraphy of highlatitude lacustrine rift basins. Evidence for cyclical (Milankovitch scale) sedimentation is
particularly strong in seismic reflection records from Lake Malawi.
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Ostracode and diatom assemblages, mollusc remains as well as pollen and sediment
stratigraphy from three cores taken at sites 40 m. 80 m and 135 m deep in Lake Neuchatel,
Switzerland, show distinct changes since deglaciation. Shifts in the fossil assemblages and
sedimentology are interpreted in terms both of the impact of major changes in the catchment
input caused by the Aar River entering or bypassing Lake Neuchatel and of climatic changes
during the Late-Glacial to the mid-Holocene. The onset of periods without Aar River inflow is
characterized by the change from the deposition of rhythmites to a massive calcareous silt
comprising abundant authigenic calcite, and the presence of littoral molluscs and gastropods.
During periods with Aar River inflow, diatoms are well preserved as a result of higher
sedimentation rates. The input in periphytic diatoms during these periods is higher than during
periods without Aar River inflow, and both periphytic as well as planktonic diatoms indicate
euttophic to mesotrophic conditions. At the same time, osttacodes indicate a well oxygenated
hypolimnion, suggesting enhanced circulation and mixing in the lake magnified by the
entering of the Aar River. During periods without river inflow, the trophic state of the lake
changes to mesotrophic to oligotrophic conditions, and decreased sedimentation rates and
higher alkalinity enhance the dissolution of diatoms.
The Oldest Dryas ~14,000- 12,700 yr BP) is characterized by elastic rhythmites. A thin
vegetation cover led to intensive soil erosion and high sedimentation rates, and the lake was
still frozen during the winter months. The B11tlling (approx. 12,700 -12,000 yr BP) was the
period with some of the most significant changes for the entire period since deglaciation. The
sedimentation changed to thinly-bedded, non-glacial rhythmites, the vegetation cover in the
catehment became denser, the abundance of osttaeodes increased and molluscs started
colonizing the deep basin. During the AllerS!ki (approx. 12,000 to 10,800 yr BP), low ostracode
abundance and a high proportion of dissolved diatom valves indicate a period of stagnation.
The Younger Dryas was a 430 to 800 year period with maximum abundance of ostracodes,
indicating well oxygenated deep water, probably due to longer turnover periods. At the
cransition to the Preboreal (approx. 10,000 yr BP), the increase in organics was associated with
a change in the ostracode species association. During the Preboreal, the Aar River bypassed
the lake for the first time for approx. 550 years. The oxygen supply of the hypolimnion
decreased, leading to temporary anoxic conditions at the scdiment-water-intetface.
With the reentering Aar River soon after the beginning of the Boreal, a new ostracode
species reached the lake, and the oxygen supply increased throughout the rest of Boreal and
Older Atlantic. After two short periods of river bypass during the upper Older Atlantic
between approximately 7200 and 6950 yr BP, diatoms indicated mesotrophic to eutrophic
conditions for the Younger Atlantic up to the transition to the Subboreal. The increased trophic
state is interpreted in terms of increased productivity, consequent to higher erosion rates and
increased nutrient input due to Neolithic agricultural activities.
Although the circulation in the lake was probably reduced since the Aar River has bypassed
the lake after 4850 yr BP, the hypolimnion is well oxygenated, the lake has become
mesotrophic to oligotrophic and there has been no indication of stagnation periods. This may
be explained by longer turnover periods and a change of the wind system since the midHolocene.
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There was a warm humid climate in Mongolia in the Upper and Middle Jurassic.
Lacustrinal-alluvium deposits and coals were formed in water-basins in tJ:ie
western part of Mongolia as result of differential tectonic moves. In the end of
Jurassic the proluvial type of sedimentation prevailed almost all over the
territory of Mongolia. with the exception of the northern and the north-eastern
parts of it. Shapes and sizes of lakes varied in time.
In the Valaginian and the Berriasian (Tsagantsabian time) there were volcanic
processes in water-basins and on thresholds and the climate became more
humid. Number of lakes was a highest in that time on the territory of Mongolia.
Zeolites were fonned in lakes of the south-eastern, the southern and the central
parts of Mongolia.
In the Goterivian and the Barremian times lakes changed a little, but there was a
sulphuretted hydrogen natural pollution above bottoms of lakes.
In the early Aptian and the Albian times a lacustrinal-alluvium sedimentation
and a forming of coals took place in Northern and Eastern Mongolia. The
climate was humid. Series of large lakes existed in Southern and Western
Mongolia
In the Late Cretaceous the platform regime was in the temtona of Mongolia.
The sedimentation processes took place in enormous Gobi water-basins under
conditions of a hot arid climate. Levels of those basins were closed to a level of
The World Ocean. A lot of various dinosaurs, crocodiles, turtles and other
kindes of fauna and flora lived in lakes.
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The Thar Desert in India lies in a transitional zone of monsoonal regime that is typical
of mid-latitudinal circulation. Minor perturbations in this lead to demonstrable changes
in both the aeolian dynamism and lacustrine sedimentation.
Early palynological work on radiocarbon dated saline lakes of E. Thar and its modeling
enabled a quantitative estimation of summer and winter precipitation during the
Holocene. The lacustrine sequence suggest a substantially intensified monsoon during the
mid-Holocene and sandwiched between periods of long aridity at ca.4 ka and at LGM
upto about 14 ka when the S.W. monsoon was re-established aftei: the Last Gladal
Epoch.
The aeolian dynamism in the region peaked at -13-14 ka 8.P. and not at the LGM as
hypothesized based on conventional concepts of synchronicity of aeolian dynamism and
glacial aridity. Correlation of present day meteorological data, lead us to suggest that
the conditions optimum for aeolian dynamism occur during a short time span at periods
when environmental conditions were similar to those at the time when it re-established
after LGM. Thus together, the dune-lake record provide a chronicle of monsoon from
its onset to its maximum at the Holocene. This correlation also allow extension of
Paleomonsoon record for past 200 ka based on a delineation of spatially extended aeolian
episodes.
The presentation will aim to summarize results of methodological efforts to date three
lacustrine sequences across dift'erent climatic interface of Thar Desert using Optically
Stimulated Luminescence as the paucity of organic matter in the arid-zone often restricts
use of conventional radiocarbon dating. Palynological and sedimentological studies at
Deccan College, Pone and stable isotopic results have provided information on the
local/regional climatic change which will be discussed.
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A major limitation facing lacustrine researchers when studying lake bed sediments
is being able to take long ( 18 m +), continuous cores in water depths greater than a few
meters. These coring problems have limited the extent of paleoenvironmental
reconstructions of the Quaternary.
Working from a lake ice platform, it is now possible to take vibracores from lake
beds in water depths of at least 30 m. Vibrations are transferred down a series of 6 m long
core tubes (7.6 cm or 3 inch diametre aluminum sprinkler irrigation pipe) rigidly coupled
end-to-end. Vibrations liquify sediments adjacent to the core tubes walls, thus allowing
core tubes to be gently pushed into sediments. A core catcher prevents sediment from
extruding out the end tube during hoisting. As compared to percussion (Reasoner-type) and
repetitious sequential extraction (Heller-type and Livingstone-type) samplers, vibracoring is
superior because the core is ( l) continuous, reducing the probability of contamination; (2)
up to 18 m long; and (3) able to sample in water depths of 30 m plus. This cost-effective
coring system has been achieved by developing rigid core tube couplers and a handpowered drum cable hoist cable is attached to a clamp one m above the core catcher.
Pulling up or lowering down with a drum hoist allows for either quick coupling or
decoupling of tubes, eliminating the possibility losing a core tube string into the water
during decoupling. Although vibracoring is an improvement over other systems, it still has
limitations in its portability because of the bulky and heavy equipment and large amount of
pipe need for deeper lakes. If one can drive a van or truck reasonably close to a selected
lake, transportation is generally not a problem. From a lake edge, equipment is moved by
sleds over snow and ice to coring sites.
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Clearly, much of geochemistty" takes place at the interface between solids (rock, soil,
particulate suspended in water and air) and fluid (aqueous solution, oil, gas). During the past
hundred years or more, gcoscientists have defined the macroscopic properties of these
materials using bulk methods (i.e. chemical analysis and more recently, x-ray diffraction).
Throughout the past several decades, microscopic techniques (petrographic and scanning
electron microscopes and microprobe) have extended our knowledge to phase relationships
and mineral morphology, but we have been frustrated by resolution limits of about a micron.
Within the last 20 years, surface spectroscopic and nanoscopic techniques have become
available; these provide powerful means to complement macroscopic data with observation
directly from the molecular scale and they offer great potential for helping to answer
geological questions.
0

Among the many methods available, three will be described. X-ray photoclectton
specttoscopy (XPS) gives infmmation about the elemental composition and bonding
character from less than 10 nm into a surface. Low-energy electton diffraction (LEED)
reveals the lattice character of the top 2 or 3 monolayers of a surface. Atomic (or scanning)
force microSCOID' (AFM, SFM) measures physical smface properties with resolution on the
scale of µm to A, thus allowing investigation of larger features such as etch pits or molecular
scale features such as atomic spacing; imaging is possible under a variety of conditions:
solution, atmosphere, selected temperature, etc.
XPS and LEED results from experiments with calcite show that Qi2+ from unsaturated
solutions is adsorbed to the mineral surface but with time, even in the absence of solution
phase, it is taken up into the crystal to fonn a solid-solution by solid-state diffusion. AFM
images show that the calcite surface in air is dynamic with movement of step faces and
evolution of bumps and pits. The rate of surface rearrangement depends on humidity but has
so far not been detected at low humidies; thus vapoW'-aided recrystallization alone cannot
explain the movement of Cd away from the surface.
One application of these results is to contaminant mobility in carbonate terrain. Incorporation
of adsorbed Cd into the bulk would strongly decrease its tendency for desorption and
replenish the surface sites available for adsorption. This uptake would also be active even
during periods of ..dry" conditions.
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The volcano-sedimentary succession of the early Jurassic Kalkrand fonnation is outstandingly
exposed over about 5000 km: to the northwest of Mariental in southern Namibia Three major
Oood basalt units are separated by two minor, but stratigraphically important lacustrine
interlayers, each up to 15m thick. These sediments preserve a record of the interaction between
extensional tectonics, magmatism and lake sedimentation and it is the aim of this paper to
evaluate the relative importance of these controls in shaping the sequence.
In general, both interlayers can be characterized as having a laterally consistent siliciclastic base
and top, with a middle unit incorporating mainly chemical sediments of highly variable ,, .
thickness. The sedimentary layers also show comparable depositional histories, each starting
with the local derivation of weathered and eroded lava debris, followed by the emplacement of
subaqueous mass nows, including mudflows and both high and low density turbidites. The
succeeding chemical sediments are characterized by stromatolitic carbonates, with domical as
well as low relief topographies, selectively replaced by chert. Evaporite crystals which occur
within interbedded carbonate mudstones are almost exclusively gypsum including massive
accumulations of subsurface displacive crystals as well as rosettes, nucleated on the sedimentary
surface. Deposits of the upper siliciclastic unit are initially dominated by coarsening and
thickening upward successions of sandy turbidite beds alternating with plane-bedded lacustrine
mudstone and gypsum layers, some of which developing chicken-wire nodular textures. These
are overlain by finegrained deltaic sandstone units showing classic bottomset, foreset, and
topset arrangements and subsequent trough cross-bedded, medium quartzitic sandstones
attributed to a fluvial environment The facies associations, the scarcity of desiccation cracks
and lack of evidence of organisms, apart from algal remains and rare trace fossils, suggest that
permanent or semi-permanent lakes covered large areas of the flood basalt surface. Variation in
the thickness of the carbonate/chert/evaporite facies shows that creation of accommodation space
through various types of subsidence was at a maximum at this stage.
Evidence of subsidence within the lake body is of two main types. One type is commonly
developed in localized areas only and recorded by small, centrally subsiding circular to elongate
basins which are informally referred to as "pool structures". Repeated onlapping of layers onto
unconformities developed on the upturned shoulders of pool structure margins suggest a
multiphase history of sagging, causing slumping and water escape features and steep dips of
early layers (up to 65°) towards the centres of the structures by the end of basining. Synsubsident deformation features, such as bedded siliciclastic sediment-, hydrothermal calcite-,
and sometimes basic magmatic-filled fracture systems exposed in basalts beneath the floors of
pool structures indicate the pronounced interaction between the underlying volcanics and the
sedimentary basin, involving usage of the fractures by both direct magma injection and later
exhalative fluids. On the regional scale, however, northerly trending extensional fault systems
developed graben-like geometries and both facies and thickness variations across faults indicate
that they operated contemporaneously to magmatism and lacustrine sedimentation. We believe
that the activity of regional fault systems, combined with local damming effects of basalt flows
and lava ridges, controlled accommodation space within the associated lake systems. The pool
structures then reflect localized areas of subsidence related to periodic magma withdrawal or
reduction in magmatic pressures in the volcanic pile beneath their floor. Auids passing through
the volcanic pile exhaled into the lake, giving it the characteristics of alkaline lake systems
described from more recent flood basalt areas associated with the modem African Rift System.
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A variety of biotic and abiotic environmental
signals have been recorded in lacustrine sedi2000
ment archives. We use these signals to study
environmental changes and to identify natural
processes vs the impact of man on nature.
4000
Only varved sediments have been used in our
study to provide accurate high resolution 0::a:i 6000
dating.
!I:.
To compare anthropogenic effects with 0
naturally occurring envuonmental changes, ~ 8000
we have analysed the sediment record of two
hardwater lakes in a rural environment of the
10000
central Swiss Plateau: 66 m deep
Baldenersec with a surface area of 5.25 km.2
12000
and a drainage area of 24.2 km.Z ,which
became eutrophic and meromictic in 1895
and Soppensee a small, 1:7 m deep lake with
14000
an area of just 0.2.5 km2 and a catchment of
<0.1 km2, which has been meromictic throug100 200 300 20 40 60 80 100
0
hout the last 10 millennia. Bio-/chemical
[glkg]
{%)
varves have been developed under aooxic
conditions at the water.'sediment interface in
both lakes, durinR the last 100 years in Baldeggersee and during about 6000 years tn
Soppensee.
The lon2·term environmental record of Soppensee shows the effects of chmauc warrrun2 at
the end of the last ice age, when wide-spread forest vegetation developed in the catchment
and a conspicuous increase of productivity took place in the lake. The following millennium
of much cooler conditions during the Younger Dryas climatic deterioration is distinctly
recorded in the sediments: and the sub9equcnt abrupt change into more favourable conditions
during the Preboreal climate optimum can clearly be observed in the Soppensee sediment
archive. Deforestation and mcrcased landuse by man are evident since about 6000 years BP in
this Central European key site of paleolimnological research..
Formation of natural anoxic varves in ancient Soppeosee are perfectly comparable to proces ses of varve formation in todays Baldeggersce Anoxic varvcs ha\'e appeared in this lake since
the tum of this century when huge amounts of agricultural nutrients (C, P, N) '.Vere released
into the lake, leading to dramatical enhancement of its productivity Simultaneous
enhancement of anthropogenic pollution and of industrial catastrophies caused a sig1 nificant
increase of pollutants such as hea\-y metals (Zn. Pb, Cu), xenobiotic substances and artificial
r:Jdioisotopes ( 134 lS"Cs), outweighing natural background concentrations.
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Lake Ladoga is the largest lake in Europe with an area of 17 680 km2 (length ca 120 km.
width ca 80 km), located between 59°54' and 61°47'N and between 29°41 ' and 32°58'E. A
maximum depth of the lake is 235 m. an average depth is 47 m and a water volume is about
910 km>. The catchment area is 258 600 km2 • The great watershed basin of Lake Ladoga
includes, in addition to the basin of Ladoga itself (28 000 km2), the watersheds of Lake Onega
(83 000 km2), Ilmen-Volkhov (80 200 km2) and Saimaa-Vuoksi (66 700 km2 ). The lake is fed
by numerous rivers, the main of them are the Svir, Vuoksa and Volkhov Rivers. Ladoga Lake
is drained by the Neva River into the Gulf of Finland.
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Lake Ladoga is located at the border of the Baltic crystalline shield and the East European
platform in an ancient tectonic depression transformed by glacial activity. The Lake Ladoga
depression is the Riphean graben-syncline and consist of metasedimentary, effusive and
sedimentary rocks of the age from the Archaean to Cambrian Periods. The bedrocks are
covered with Quaternary deposits. The ancient depression of the Lake Ladoga was modified
by exaration and covered by glacial and tluvioglacial deposits during deglaciation. It was
found out on seismic and geoacustic data that the thickness of Quaternary deposits in the
lake depression varies considerably. There is a maximum thickness of the deposits (70 m) in
the deepest northern part of the lake (water depth more than 150 m). There are only a few
meters thickness of sediments on the underwater slopes of deep hollows, and 25 - 30 m - in
central part of the lake, where water depth decreases southward from I 00 to 40 m. The
sediment thickness is not more than 15 m in the shallow southern part of the lake. The main
deposits consist of the Last Valday till, Pleistocene varved clays and Holocene sediments.
The absence of more ancient Quaternary deposits is a result of the glacial exaration. The full
thickness of varved clays varies from 10-15 m to 30-40 m. On seismic records, in some
places, the displacement and landslide of layers of varved clays and till can be seen. These
data show that there are neotectonic phenomena in the lake depression. At the beginning of
the Holocene age there was a change in the character and rate of sedimentation. That was
caused by the improvement in the climate and the disappearance of ice cover from the
territories surrounding Lake Ladoga. Fonnation of homogeneous grey clay started in the
Ladoga depression. The full thickness of homogeneous clays in the lake depression is not
more than l m. It decreases to the south and in the lake southern part the clays disappear
altogether. There are Holocene sands lying on the eroded upper surface of the varved clays.
Homogeneous clays were formed in Preboreal (10,200-9500 yr B.P.) when the lake was
separated from the Baltic basin. These clays mark the change of the sedimentation
processes from limno-glacial to lacustrine. The homogeneous clays are covered by mud. The
mud formation in the Ladoga basin started in Boreal when the lake was the eastern part of
Ancylus Lake. The maximum thickness of mud is 10 m and even more in the northern deep
depressions. The homogeneous clays gradually pass over to lacustrian mud, but sometimes
there is a fine sand layer between clay and mud. It's especially characteristic of the southern
part of the mud zone of the lake with water depth not more than SS m. The transition zone
from clays to muds is characterized by the changing of sediment color from grey to
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brownish-green and by increasing of organic matter contents from 2-3% to 8- l0%. Muds
often have striped structure with thin black layers of diagenetically modified organic matter
such as hydrotroilite. At the uppennost l 0-30 cm of mud there are orange-black layers of
accumulated iron (Fe) and manganese (Mn). They mark the low level of aerobic conditions in
muds and are especially typical on the underwater slopes with a depth 30-50 m. There are
other kinds of ore processes in Lake Ladoga sediments. Sometimes it is the
accumulation of brownish-black ore concretions with grain size 0.3-0.5 cm in diameter. The
muds near the shore are enriched by more coarse material. In the lake shallow southern part
they are replaced by sands of different grain-size and with a different admixture of silt and clay.
The sand thickness varies from a few cm to 1 m. Sands cover the surface of the varved clays or

till.
The Lake Ladoga basin underwent deglaciation after the Neva stage between 12,500 and
11,500 yr B.P. But it is possible the deglaciation took place early. New radiocarbon datum
(15,620±50 yr B.P., LU-2815) was obtained from sediments of the southern part of Lake
Ladoga. Sediment core (sampling station 1190, 60°42,8'N, 32°24,8'E, water depth of 78 m) a
piece of wood at the depth of 125 cm in greyish-green silty mud with an admixture of sand and
coarse plant remains. This datum show that the Luga stage of deglaciation happened to be ca
14,000 yr B.P. During deglaciation the Ladoga depression was filled with the waters of
glacial lakes. The first of them was the so-called Ramsay Lake, which occupied the southern
part of the Ladoga depression. The levels of Ramsay Lake were at elevation 24-15 m a.s.l. in
southern part and 65-50 m a.s.l. in northern (on the slopes of the Central Highland of the
Karelian Isthmus). As a result of following ice retreat to Salpausselka I (11,000-10,200 yrs
B.P.), Lake Ladoga became a bay of the Baltic Ice Lake. In the northern Ladoga area the
elevation of the Baltic Ice Lake prior to its drainage at 10,200 yr B.P. is marked by shorelines
at 70-80m above present sea level. During the following Yoldia Sea stage (10,200-9500 yr
B.P.) rapid regression of the Baltic water body continued. So that the Ladoga basin became
isolated from the sea during the Yoldia regression sometime before 9500 yr B.P. The
elevation of the lake was 20-25m a.s.l. in the northern part and ca -40m b.s.l. in the
southern part. The isolation threshold was at Heinjoki, on the east of Vyborg, at an elevation
of 15 m above sea level whereas the present elevation of Lake Ladoga is 5 m a. s.l. The
Baltic and Ladoga basins were connected by an open strait or a river outlet in the
Vyborg area until the fonnation of the Neva River, which is present outlet of Lake Ladoga.
Lake Ladoga was always a fresh-water basin. The lake became an isolated lake sometimes
around 8800 yr B.P. During ca 8000-5000 yr B.P. the lake level was the lowest (-20 m b.s.I. in
the southern part of the lake). The Ladoga transgression in the southward direction took place
ca 5000-3000 yr B.P. as a result of differential landuplift. The water finally broke through the
threshold at Porogi east of St.Petersburg between the Mga and Tosno Rivers and gave rise to
the Neva River at approximately 3200-3000 yr B.P.
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The concept of sequence stratigraphy is by many workers considered the most important
advance in sedimentary geology over the last 25 years. Numerous workshops, symposia and
special publications have been devoted to the subject. It is therefore remarkable that
sequence stratigraphy of lacustrine successions has been virtually neglected. This is
particularly noteworthy as lacustrine successions are known to commonly show remarkable
cyclicities reflecting fluctuations in water level mainly caused by short and long-term
climatic changes. One reason may be that the early phase of sequence stratigraphy was based
on the concept of eustatic control of marine cycles and construction of age models (e.g. Haq
et al. 1988). More recently emphasis in sequence stratigraphy has shifted to lithological
prediction of sedimentary facies in depositional systems of all temporal and spatial scales
from ephemeral ponds to passive margins.
The aim of this paper is to investigate the applicability of sequence stratigraphic concepts in
lacustrine geology and to evaluate possible differences with standard models originally
derived for marine passive margins and subsequently extended to foreland and rift basins.
Special emphasis is placed on the extension and recognition of mainly marine defined key
surfaces and parasequences into the lacustrine realms. on the distinction between marine and
lacustrine parasequences, and on the application of sequence stratigraphic methods in
deposits of closed and open lake basins. Selected examples from both basin types are
presented to illustrate the advantages and complications in applying sequence stratigraphic
methodology to lacustrine successions. Difficulties are in particular met with in the
interpretation of basins which during their evolution changed between closed and open
hydrological conditions. Similar approaches can be relatively easily applied for closed lake
deposits and contemporaneous shallow marine to paralic successions even in cases where the
lake occupy a near-coast setting because the two systems operate independently. If a nearcoast closed lake changes to a hydrologically open system the marine sequences can in
theory be traced into the continental strata including the lacustrine succession and the
possible thus arises that the transitional succession contains interbedded but totally unrelated
lacustrine and marine parasequences of different origin but of similar dimensions and
appearance. It will be shown how combinations of regional tracing and detailed analytic
methods may aid in distinguishing between the two systems.
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Systematic palaeoecological studies, connected with the very beginning of the Polish
state, have been carried through for many years in the area between Poznan and Gniezno.
The interdisciplinary studies comprised also an analysis of Cladocera (Crustacea),
chitinous remains of which occurred in lake sediments.
This analysis was done for four lakes, located within the Lednica Landscape Park i.e.
Skrzetuszewskie (about 1.5 ha in area, water depth to 7 m, examined section 6 m long),
Kamionek (area about 1 ha, water depth to 2 m, examined section 11.5 m long), Linie (area
about 2 ha, water depth to 9 m, examined section 9 m long) and Lednickie (area about 340
ha, water depth to 15 m, examined section 10 m long).
The studied lakes are located closely to one another and for centuries have been
subjected to the same climatic and environmental impact. However, each represents another
lake type. In general, 37 species of Cladocera, belonging to 5 families, were noted in the
sections. Among them, 29 species were the littoral fonns and 8 - the planktonic ones. Species
of the Bosminidae family predominated, being the main component of deep-water plankton.
Changes in species composition and a high variation of specimen frequency in the four lakes
allow to reconstruct the development of Cladocera since the beginning of the Preboreal Period
until recently. 7 zones of Cladocera development and 6 phases of intensive trophy in the lakes
were distinguished. They correspond partly to local pollen zones and settlement phases, since
the Neolithic through the Middle Ages until the recent. Climatic changes, as well as those due
to human impact, are recorded in the sediments with varying intensity, dependent on size and
depth of individual lakes. A considerably lower influence of these changes on the species
composition of plankton was noted in the Lednickie Lake, a large lake located in the centre
of the area. Small and shallow lakes responded quickly to changes in climate and in chemical
composition of water, which has been recorded in the sediments by quite rapid
transfonnations of species composition and abundance of Cladocera. Changes in the ratio of
deep-water to littoral forms enabled reconstruction of water level oscillations. The water level
was found to be higher particularly during the second half of the Subboreal Period, what was
presumably due to wetting of the climate. Based on quantitative relations of the index
species, variations of water pH in each lake were reconstructed for the whole Holocene.
Results of the analysis are presented on the poster in the form of diagrams.
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Reconstruction of changes in natural environment during the Late Glacial and the
Holocene is possible with the use of numerous floristic and faunistic analyses. Remains of
Cladocera - the planktonic crustaceans - preserved in lake sediments, record ecological
conditions and climatic changes during deposition.
The examination of remains of Cladocera from lake sediments in Poland was initiated
about 30 years ago. It has been dealing with the Late Glacial and the Holocene sediments
from about 20 lowland and mountain lakes. Detailed quantitative and qualitative analyses, and
the use of a number of calculated indices enabled reconstruction of climatic changes, water
level fluctuations, lake trophy and also human impact on the lakes. Some characteristic
changes in the species composition and increased number of Cladocera specimens were noted
for the beginning of the Holocene. It is therefore obvious that the wanner climate of the
Holocene brought favourable conditions for development of Cladocera. This fact can be a
good stratigraphical tool to point out the boundary between the Late Glacial and the
Holocene. Recorded changes in the environment, based on the analysis of Cladoccra, depend
on size and depth of individual lakes, and also on their geographical location. Changes are
very intensive in small and shallow lowland lakes (Niechorze, Woryty, Skrzetuszewskie,
Kamionek). In such lakes, rapid changes in the species composition and considerable
fluctuations of specimen frequency occurred; it is likely they came along with variations in
chemical composition and water tcmeprature. The environmental changes were less intensive
in large and relatively deep lakes (Lednickie, Biskupin). The species composition of
Cladocera was more stable in these lakes and the number of specimens was rather constant.
A similar differentiation was noted in mountain lakes. They have cooler waters and also
indicate a high, climate-dependent biological changeability. Sediments of the Przedni Staw
Lake in the Tatra Mts had the typical, cold and oligotrophic fauna of Cladocera, different
than that of the Maly Staw Lake in the Sudetes, a lake of lower altitude but located farther
to the west. The species composition in the Maly Staw Lake was more similar to the one of
lowland lakes. This was presumably connected with smaller depth of the lake, higher solar
radiation and shoner ice-cover period in winter. Both these lakes indicated however that,
during the Late Glacial, they contained the "arctic species" only. In the same time, some
lowland lakes had already a species-rich fauna. The example of these is the Go5cicti Lake
(Central Poland), in sediments of which as much as 22 species were noted for the Younger
Dryas.
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The establishment of a well-constrained marine strontium isotope curve for the Mesozoic and
Cenozoic has provided a powerful new stratigraphic tool for the study of marine deposits. The
curve also has imponant implications for srudies of nonmarine basins. If diagenetically unaltered.
primary carbonate, phosphate or sulphate minerals of known age do not fall on the appropriate
pan of the marine curve. they cannot have fonned in normal seawater. Thus Sr isotopic analysis
may be used to resolve whether a disputed sequence of rocks fonned under the influence of the
world ocean or were deposited in a continental waterbody. We have used this approach in a study
of the highly fossiliferous La Huerguina Fm. (Late Barremian) from the Las Hoyas area. central
Spain. Here the bulk of the flora. fauna and facies point clearly towards a lacustrine origin for the
fonnation, but doubts about the complete absence of marine influence have been raised by the
presence of coelocanth and pycnodontifonn fish fossils, groups which are generally regarded as
typical marine taxa. We have analysed the Sr isotopic composition of some of the fish remains
and the associated limestones. These data provide an unequivocal indication of the source of the
Las Hoyas lake water and, together with conventional stable carbon and oxygen isotopic analyses
of the carbonates. give new insights into the hydrology of the waterbody.
Strontium Isotopes. The Sr isotopic composition of continental waterbodies is largely
detennined by the geology of the catchment. ln the case of Las Hoyas. this was dominated by
Middle Jurassic limestones which are separated from the Lower Cretaceous deposits by a mature
palaeokarst . We also analysed a selection of these rocks. to assess their impact on the
composition of the Las Hoyas lake. Sr composition divides the Jurassic limestones into two
groupS: unaltered rocks have the lowest values of all the samples measured in this study (17Sr/8°Sr
= 0. 70722-0.70730). karstic specimens have significantly higher values (0. 70762-0. 70812).
Fish apatite and the lacustrine limestones (with two exceptions) lie between the extremes
represented by the two groups of Jurassic limestones and fonn a highly coherent compositional
group with a mean 1'Sr/'°Sr of 0.707644 :t: 0.000034. This value is significantly above that of
contemporaneous Barremian seawater and higher than the Sr composition of seawater at any time
during the Early Cretaceous. It thus seems reasonably cenain that there was no marine influence
upon the lake. Las Hoyas coelocanths and pycnodontiformes are therefore confinned as wholly
nonmarine species. The Sr composition of the fish and enclosing limestones furthermore suggests
that inflow to the lake was dominated by water derived from the surrounding limestone terrain.
Stable Isotopes. Rh~1hmically laminated limestones deposited in the basin centre have a
relatively limited range of o•~c and 0 110 values: samples from marginal areas of the lake have
more variable compositions. As a group. the rhythmites define a covariant trend between o•~c and
o1KO. indicating that the Las Hoyas lake was at least periodically a closed basin. The relatively
steep slope of this trend suggests that the lake was groundwater controlled. Such a hydrology
would ccnainly be expected in a limestone-dominated terrain of the son that characterised the
region at the time the Las Hoyas lake existed and is consistent with the inferred Sr isotopic
composition of the inflow.
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Examination of outcrop sections of the Late Tertiary (Miocene-Pliocene) Furnace Creek
Formation in Death Valley, California, demonstrates tectonic control of sedinientation.
The Furnace Creek Formation accumulated in two separate structural basins, the Furnace
Creek and Central Death Valley basins, during a period of basin-range extension and
right-lateral strike-slip deformation.
Sediments accumulated in the narrow Furnace Creek basin as alluvial-fan/fan-delta
complexes comprising subaqueous and subaerial debris-flow deposits, stream-flow
conglomerates, and shoreline sandstones and conglomerates arranged in meter to 10' s m
scale fming-upward cycles. Large scale (!O's to 100 m) fining-upward conglomerate
sequences record major episodes of progradati.on of the fan complexes into a lacustrine
basin. Finely laminated (mm-scale) claystonelmarl sequences with interbedded ash-fall
and evaporite (sulfate and borate) deposits record perennial lake deposition following
episodes of rapid subsidence. Sediments deposited in the Furnace Creek Basin were
derived from erosion of the Funeral Mountains to the northeast and the Black Mountains
to the southwest. Synsedimentary phreatic eruptions resulted in deposition of basalt
agglomerates interbedded with lake-bottom deposits.
Deposits of the Furnace Creek Fonnation in the Central Death Valley basin comprise
strucureless wave-reworked and cm-scale laminated perennial lake claystone/marl
sequences, interbedded ash falls, thin (sheet) deltas, and fluvial channel deposits.
Seismically induced dewatering structures are common. The sequence coarsens upward
and is conformably overlain by conglomerates of the Pliocene Funeral Formation.
Sediments deposited in the Central Death Valley basin were derived from erosion of the
Panamint Mountains to the west of Death Valley.
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Compositional changes in the sediment flux are reflected in chemical and physical
parameters of the sediments. Amongst the physical parameters the colour is one of the
most obvious. On the basis of selected DSDP /ODP cores and some onshore drillcores
we evaluated the use of digital sediment colour analysis {DSCA) for the interpretation
and quantification of such flux changes.
Before DSCA can be applied the cores have to be digitised. We digitised 30cm
sections or 20cm sections respectively (using two or four "daylight" lamps) in B bit (256
greylevels) greyvalue images. Greyvalue scans were used instead of colour scans, due to
extreme difficulties in obtaining equal light temperature, essential to avoid colour
shifts in the images. The greyvalues were determined along a 1 pixel wide line
downcore. The resolution of the greyvalue linescans equals the image resolution
(pixels per inch). For laminated sediments we used 300 pixel per inch resolution. in our
experience higher resolutions only enlarged the noise level of the dataset (i.e.
disturbances) strongly rather than increasing the amount of information gained. A
resolution 10 times the smallest primary feature to be interpreted seems an appropriate
resolution threshold to us.
The greyvalue datasets are highest resolution time series of the digitised cores.
Before these time series can be used as a basis for any flux assessment or
mathematical/ statistical analysis they have to be pre-processed. For this we developed
the software package TIME-SERIES-ASSISTANT 1.5. At first (if necessary) the greyvalues
(time series data) are corrected for uneven lighting, i.e. any artificial linear or curved
trends in the data are removed mathematically. Subsequently the so corrected linescans
are fitted together into the original segments or cores. Gasvoids, cracks, etc. are
removed from the datasets. This is achieved either manually (i.e. through graphical
specification on the computer screen) or - wherever possible - automatically, using a
single or a multiple threshold method. If necessary the datasets are filtered (averaged)
to lower the resolution. To further remove the background noise, the time-series
datasets are filtered using a VECTOR SPACE FILTER. Only after all non-primary features
and disturbances are removed, the time series datasets are eventually ready for
interpretations and evaluations.
Digital sediment colour analysis (DSCA) allows the fast calculation of "real" mean
sedimentation rates. The high resolution time series data can be used to correlate
lithologies of adjacent cores (or outcrops). Changes in the particle flux to the
sediment/water interface and/or changes in the preservation of organic matter can be
resolved with up to 100 times the resolution possible through classical geochemical
analysis. Quantification of annual and decadonal flux changes in ancient sediments is
possible through spectral analysis of the greyvalue time series.
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The architecture of the 4,000 km-long East African Rift system comprises a series of troughs
delineated by major border faults with >l km throw. Most troughs are strongly asymmetric
half-grabens 50 km long by 30 km wide, organized in line or "en echelon". These half-grabens
are linked by structures with various trends, mainly No-10·, N150., and N5o·, related to the
fabric of pre-rift rocks. Transverse structures, trending mainly Nl50•, strongly influence the
shape and development of such half-graben basins, resulting in a complex structural and
scdimentological history for the lakes occupying in these basins, dating from the Lower
Miocene to the present. Extensive volcanic outpourings have occurred in the eastern branch of
the rift since the Miocene epoch. As a result this branch is generally characterized by shallow
and ephemeral rift basins with sedimentary piles only a few hundred of metres thick. In the
western branch, the paucity of volcanism has led to deep, long-lived basins with thick (several
kilometres) sedimentary fills, as shown by recent seismic investigations.
The long-lived (at least 10 Ma), large and deep freshwater lakes of the western branch lie in
basins fonned by a mosaic of asymmetric, rectangular-shaped sub-basins, separated by Nl4o·
and N2o· transverse zones (Tiercelin & Mondeguer, 1991). They include the 1,470 m-deep
Lake Tanganyika, the 770 m-deep Lake Malawi, and the 485 m-deep Lake Kivu. MultifOld
seismic reflection data indicate a sedimentary sequence 4-5 km thick beneath Lake Tanganyika,
and a maximum of 4.5 km beneath Lake Malawi. Lake Tanganyika stratigraphic sequences for
the last 1.1 Ma, as shown by high resolution seismic data, indicate cyclic patterns that reflect
lake level fluctuations conttolled by tectonism (faulting, horst and graben subsidence and uplift,
regional volcanic activity) with climatic overprinting. A typical transgressive cycle consists of
coarse basal deposits overlying a previous erosion surface, which are interpreted as fluvial and
lacustrine sediments. Sublacustrine fan turbidites mark a progressive increase in lake level, their
textures varying with proximity to the sediment source. The end of each transgressive phase is
marked by sheetlike drape deposits, which are mainly dominated by organic-rich diatomaceous
oozes. Individual cycles are typically 40-100 m thick (Lezzar et al., 1995).
In contrast, shon-lived (0.5-3 Ma), small lakes of the eastern branch lie in individual halfgrabens, 50 km long by 30 km wide. Some of these lakes are fresh or weakly saline, and fed
by pennanent streams; others are saline and fed by hot springs and ephemeral streams.
Structural and geophysical investigations indicate sedimentary sequences only a few hundred
metres thick. Lake Bogoria is 20 km long by 3 km wide and lies in a narrow, strongly
asymmetric half-graben, 20 km long by 10 km wide, controlled by a major No· border fault
and Nl50. and N5o· transverse zones. It is a perennial, saline, alkaline lake with a meromictic
regime. Sedimentation in the axial basin during the last 10,000 years was cyclic, with
alternating phases of cvaporite precipitation and periods of very high microbial productivity
with deposition of sapropelic muds below the chemocline (Renaut & Tiercelin, 1994). The
durations of these phases are unknown, but are related to falls in lake level, that at different
times led to the basin being compartmentalized. Most detrital sedimentation is associated with
axial and littoral platfonns that are under structural conttol. Sedimentation in both these settings
is mainly deltaic and progradational, varying in style prevailing lake level and salinity. Cycles
comparable to the transgressive cycles of Lake Tanganyika can be observed at a smaller scale in
cores collected on the axial platfonns of the nonh and south sub-basins of Lake Bogoria.
Tiercelin & Mondeguer (1991), Jn: Lake Tanganyika and its Life. Nat. His. Mus. Pub., 7-48.
Lezzar et al. (1995), Basin Research (in press).
Renaut & Tiercelin (1994). SEPM Spec. Pub. No. 50. 101-123.
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In NE Poland numerous lacustrine deposits occur, dominated by
calcareous ones. Presently the most significant are calcareous gyttja containing
over 70% CaC0 3 and lacustrine chalk used in agriculture to deacidify soils.
Economic analysis of the quantity, quality and type of concentration of
lacustirne calcareous deposits have been conveyed to determine the prospects
for resources. The occurence of the deposits has been presented at the
background of natural geographic units diffenrentiated by types of landscapes.
Economic concentrations/resources over 400 th m 3 and average thickness over
2.0 ml occur in hilly post-lacustrine regions. The number of sites varies from
2.1 to 4.0 on 100 km2 • Comparatively many deposits are related to postfacustrine outwash - from 1.4 to 1.6 sites on 100 km2 • The most scarce
resources occur in flat lands and moraine hills as well as regions of deltoid and
lacustrine-swamp origin.
The richest deposits are related to broad end depressions/large area, little
thickness/ and deep melting depressions/ thick/.
The structure of distribution of these concentrations does not confirm its
close relation to the present percentage of lakes in relation to the total area,
differentiation of the morphology or the share of sandy and gravely sediments
in the surface zone. Local conditions such as the character of flow of the fake,
morphometric parameters, location compared to the base erosion and the type
of inflow /Choinski A., 1995/ play a significant role here.
The size of calcareous lacustrine resources in documented deposits of NE
Poland is 130 min t. Prospective resources are estimated to 690 min m 3 •
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Abis area is a reclaimed part of lake Maryut in Northern Egypt.
Samples of various types of elastic sediments taken from 14 profiles in this area, to depths
between 0.70 and 1.20 metres below surface were studied in detail. It contains gypsum
crystals and shell fragments besides other minerals as altered glauconite, chlorite, siderite,
biotite, orthoclase and aragonite. The mineralogy and fabric study of the sediments have
shown that the gypsum crystals are formed in these sediments by recrystallization which
took place in the interstices of the soil and the cavities by evaporation and concentration of
the water of the lake and then repeated from the sub-surface and drainage water. The
statistical relation between the amount of gypsum and the fossils present have revealed
their independence which means that the gypsum was not formed at the expense of shell
fragments, but formed out of saturated solutions.
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Several phases of lacustrine deposition are reported since 60,000 years in Brazil. Their nature
strongly depends on the quantity of elastic inputs from lake basin. When these inputs were low,
occurred a very organic-rich sedimentation whose Total Organic Cubon content can reach
600/0. On the other end-member are deposits related to phases of intense slope erosion
developing alluvial fan structures in a generally ephemeral lacustrine envimrunent. Among
authigenic minerals siderite is sometimes encountered in these lacustrine environments. Studies
realimi in Carajis (Eastern Amazonia) demonstrated that siderite precipitation is associated to
elastic inputs,. providing iron on a particulate fonn, and to bacterial activity.
Lake development is roughly correlated with the evolution of continental vegetation. One
exception is the oldest 1acustrine p~ registered in Central Brazil prior to 60,000 yr BP,
which corresponds to a dry and cold climate when low evaporation rates probably sustainecl
the high lake level. High lake levels are still recorded during the wet Middle Plenigla.cial
between 60 and 30,000 yr BP. A first climate drying between 30 and 22,000 yr BP provokes in
some places an interruption of lacustrine sedimentation. Peat deposits on the valley floors bad
a widespread distribution during this period. The Late Glacial Maximum, between 22 and
16,000 yr BP is accompanied by an interruption of lacustrine depo9ition in almost all the sites.
At the end of this period occurred a strong slope erosion and large accumulations of colluvialalluvial deposits. These ones are responstDle for the damming of tnbutary valleys, formins a
great number of the present-day Brazilian lakes.
Lacustrine deposition have started again since 16-13,000 yr BP but, due to Middle Holocene
dryness, the main development of present-day lakes only occurs after 4000 yr BP, the high
present-day levels being reached only after 1000 yr BP. During the 4000..0 yr BP interval the
numerous lakes oflarge alluvial plains were formed by migrations of the river channels.
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Annecy Lake and Le Bourget Lake are two neighbouring lakes at the nonhwestern margin of
the french Alps. Both lakes are of glacial origin, remnants of overdeepend basins created
during the WUrm glaciation. Lac du Bourget is 18 km long, 2 to 3 km wide and 145 m deep.
Lac d' Annecy is situated 50 km to the east of Le Bourget Lake and is 13 km long and 2 km
wide and up to 63 m deep. Two successive seismic sparker surveys (1991and1993) revealed
the post-glacial sedimentary infill, the depth and morphology of the Wttrm erosion surface
and penetrated the Riss-WUrm interglacial deposits as deep as the Riss erosion surface. The
deep glacial erosion was in both lakes restricted to a n8Il'Ow zone of less than 2 km wide and
reached depths of± 320 m (Le Bourget) and± 230 m (Annccy) below present lake level.
Isopach and isochron maps of the glacial sediments covering the Wfirm erosion surface of
Annecy Lake reveal the presence of three sediment ridges at the eastern side of the lake. They
are up to 40 m thick and have an orientation that is partly parallel and panly oblique to the
lake axis. Their internal structure is characterised by steeply inclined reflectors and by an
amalgamation of different aggradational and progradational units. The ridges are interpreted
as subaqueous outwash fans and are thought to mark different steps in the retreat of the ice.
On some profiles chaotic lenses are intercalated in glaciolacustrine sediments. These lenses,
interpreted as till tongues, are attributed to small readvanccs of the glaciers grounding line.
Glaciolacustrine and lacustrine sedimentation processes are better documented in Lake Le
Bourget. There is a clear distinction between the seismic stratigraphy of the northern
overdeepened through and the southern more platform-like part of the basin. The nonhem
through shows the typical infill of overdeepened glacigenic lacustrine basins (such as also in
Annecy Lake): chaotic glacial deposits at the base, a thick transparant basin fill, overlain by
stratified lacustrine deposits and a recent drape of mainly authigenic sediments at the top. In
the southern pan of the lake, the seismic stratigraphy shows a more classical succession of
glacial to glaciolacustrine deposits : basal till characterised by small parallel ridges, a
glaciolacustrine irregular drape, a lacustrine sediment series and the recent drape. The
lacustrine sequence is characterised by a series of wedge-shaped units with onlapping and
downlapping reflectors. These are interpreted as lacustrine fans, deposited by sedimentcharged underflows. They are overlain by a draped unit with continuous, parallel reflectors
that pass gradually into the bottomsets of a prograding delta. An exceptionally well-developed
fan system is the one associated with the Rhone river at the northern end of the lake. Also
typical is the occurrence of numerous large debris flow deposits at the top of the sequence.
The seismic study on these two lakes synthetises the deglaciation evolution of an overdeepend
lacustrine basin. It illustrates that the morphology of the basin has an important influence on
the deposition during the early stages of deglaciation. The post-glacial lacustrinc
sedimentation in the lake is funhermorc characterised by the evolution of the effluents
(sediment supply rates, baylinc migration), by the lacustrine water circulation (hyper- and
hypopicnal flows, Coriolis force), by the distance to the sediment input (distal draped or
proximal ponded sedimentation) and by sediment remobilisation. The sedimentary sequence
1s disturbed in zones of present tectonic activiy (faulting, sliding and sediment liquefaction)
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In the framework of the EC ENVIRONMENT Project "Rukwa" (Project leader : M. TAIEB) a
70-100 m long core will be acquired in Lake Rukw~ which should yield new information for
the reconstruction of the environmental and climatic changes that affected the lake during the
last climatic cycle (127 ka). In order to select the most appropriate coring site. a high-resolution
reflection seismic survey was carried out in October 1994. This survey. which - for logistic
reasons - focussed on the southern part of Lake Rukw~ aimed at the analysis of:
1) the importance of the tectonic disturbances affecting the upper 100 m of lacusuine deposits,
2) the importance of stratigraphic discontinuities within the upper 100 m of lacusttine deposits.
Twenty-seven high-resolution seismic profiles with a total length of over 310 km were acquired
along a regional perpendicular grid. The field quality of the data was remarkably good : a very
good resolution (< 1 m), a penetration of > 300 m 1WT. the vinual absence of strong lakefloor multiples and of gas blanking phenomena,..• This quality will be further improved by
digital data processing. Preliminary analysis of the acquired profiles gives a general impression
of the struetural and stratigraphical setting of the study area.
The sedimentary basin of southern Lake Rukwa shows a typical half-graben structure with the
Lupa Border Fault along its NE side controlling the overall basin development. Reflectors clip
consistently toward the NE and get consistently truncated at the lake floor towards the SW,
indicating that sedimentation in the southern part of Lake Rulcwa is controlled by differential
vertical movements resulting from subsidence along the Lupa Border Fault and uplift in the SW
part. This uplift area is located in the prolongation of the Mbeya Range Mountains along the
Mbeya Range - Galula Fault Zone. The spacing between interbasinal faults, which all have
roughly NW-SE orientations. decreases in the direction of the ramping SW side of the halfgraben. Some of the faults in the southern pan of the Lake Rukwa appear to be synthetic with
respect to the border fault system, while others have rather peculiar reflection characteristics that
may be interpreted as due to strong rotational or strike-slip components.
The sedimentary sequence observed on the seismic sections is probably composed of very
young and unconsolidated sediments. These are probably correlative with the Lake Bed
Sequence exposed on the shores. They arc described as unconsolidated green greyish gravel
sands. silts and clays of dominantly lacustrine origin with a marked fluvial influence. The
sedimentary sequence appears to be rather continuous ; only a few discrete erosional truncations
and onlap termination• s were observed in the seismic sections near the SW border of the study
area.
Further interpretation of the data will undoubtedly yield a more complete picture of the
stratigraphy and strucrure of the upper lacustrine series, which will be of invaluable assistance
for selecting the "Rukwa" Project core site.
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Bottom sediments of five large lakes of the Bunger Oasis were investigated. Structure of
sediments, proportion of grave~ sand and silt fractions, level of organic carbo~ carbonate and
sulphur were investigated. Also diatom analysis and radiocarbon dating of sediments were
perfonned. As a result, the main stages and features of the evolution of lakes have been found:
1) Fonnation of the Figumoye, Dolgoye, Dolinnoye and Burevestnik lakes refers to
the time of the onset of the oasis deglaciation - more than 1O kyr BP.
2) In the course of the first development stage lasting up to 9.5-7.S kyr BP for different
lakes, the lakes were accumulating terrigenic stratified sediments reflecting
sedimentation conditions in the near-glacial water bodies or bodies overlied by the tongues
of floating glaciers.
3) Organic life begins in different lakes 9-8 kyr BP. From 9.S-7.5 to 6.0-5.0 kyr BP
water moss, algae intensively accumulate here, levels of organic carbon and sulphur
sharply increase and level of coarse-grained sediments decreases and first diatoms appear.
Water discharge to the water bodies is reduced and the ice cover thickness in lakes
already makes possible the onset of photosynthesis. In the Figumoye lake the sediments of 67 kyr BP contain a complex of marine diatoms indicating a short-term penetration of sea
water to the lake during the transgression maximum.
4) In the deposits of all lakes of the period S-4 kyr BP the values of nutrient
characteristics dramatically decrease, diatomes disappear, but tne proportion of sand
fraction increases. This is the time of the climatic optimum of the Holocene in the oasis
when there was an intensive discharge ofmek water to the lakes. At that time, probably, the
near-glacial lake Dalekoye was formed.
5) During the last 4 kyr there is a successive formation of the regime, chemistry, flora and
fauna of lakes that have reached the present state about 1000 years ago. At this general
tendency lake sediments record traces of cooling and an increase in ice cover extent of the
water bodies around 2000 years ago, as well as the fact of sea water penetrating the Dalekoye
lake around 1500 years ago which is related to a short-term rise in sea level.

142

TITLE: TECTONIC AND CLIMATIC CONTROLS ON LOWER CRETACEOUS
LACUSTRINE POTENTIAL SOURCE ROCK DEVELOPMENT IN THE HEXI
CORRIDOR, NW CHINA.
NAME: VINCENT, STEPHEN J. and MARK B. ALLEN.
ADDRESS: Cambridge Arctic Shelf Programme, Department of Earth Sciences, University
of Cambridge, UK.

Complex strike-slip deformation in the Hexi Corridor of northwest China resulted in
the development of a series of lacustrine transtensional basins during the Late Jurassic and
Early Cretaceous. Detailed studies of the Lower Cretaceous sedimentary fill of two of these
basins, the adjacent Minle and Chaoshui basins, was undertaken in the autumn of 1994. Their
basin fill histories show a broad alluvial - lacustrine - tluvial facies trend, typical of riftrelated settings. Organic-rich, potential source rocks are contained in the marginal deposits of
the Minle Basin, with isopach studies indicating significant thicknesses of equivalent strata in
the basin centre. Rift-related lacustrine sediments in the Chaoshui Basin have subsequently
been oxidised.
In addition to these lower rift-related lacustrine sediments, a second lacustrine interval
is developed within the upper, fluvial dominated, portion of each of the basins. These facies
are not associated with evidence for renewed rift-related subsidence or a linked lacustrine
base-level rise between the two basins. A regional, climatically-controlled, increase in
precipitation affecting the hydrologic dynamics of each of the basins is postulated. Future
fieldwork is designed to test the hypothesis of a regional decrease in aridity in the late Early
Cretaceous of northwest China.
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Marine Quaternary platform carbonates cover the volcanic rocks of the stable, shallow
drowned Bermuda seamount. Pleistocene coastal dunes fonn the stretch of islands that is
present-day Bennuda. Harrington Sound is a small (3.5 x 2 km) inshore water almost
landlocked by lithified calcareous dunes (eolianites) of Middle Pleistocene age. In response to
the Holocene sea-level rise, an undisturbed sedimentary record of environmental change
accumulated in this coastal depositional environment.
UNIBOOM seismic reflection profiles and numerous vibration cores gave access to Holocene
(and Pleistocene) sediments. In addition to the sedimentary succession itself,
micropalaeontological (ostracods, benthic foraminifers, diatoms) and geochemical analyses
(stable carbon and oxygen isotopes, C/N analyses) provided proxy records. Age control came
from conventional and AMS- 14C dating and from warve-counting.
During the last glacial, the Bermuda Platfonn was emergent. Windblown dust accumulated as
soil over much of the platfonn area. Depending on local relief, this soil accumulated in
Harrington Sound with rates of up to about 15 mmlky. In Devil's Hole, the deepest depression
in Harrington Sound, pcdogenesis stopped by about 12 ky ( 14C) BP when peat growth set in.
At this time, a sea-level supported freshwater lens had been pushed up by the rising sea high
enough to flood the central part of Devil's Hole (-33 m). Sedge peat began to form.
With sea level rising fast and continuously, the peat-forming system transgressed over
successively higher soil-covered ground. In the central part of the basin, sedimentation of
lacustrinc chalk commenced. Here, an interval of renewed basinal peat growth may indicate a
temporary decrease in the rate of sea-level rise before 10 ky ( 14C) BP. From about 10 to 8 ky
14
( C) BP again, lacustrine chalk was deposited at maximum rates near 500 mm/ky. In the
meantime, other depressions had been flooded as well. By about 9 ky ( 14C) BP, a large
bipartite freshwater lake had fonned.
From about 8 to 7 ky ( 14C) BP, non-glacial warves were deposited at high rates up to
2,000 mmlky. The laminites indicate oxygen-depleted conditions in the deeper basin. Marine
pore waters had begun to enter the water column at this time, preventing complete overturn
and aeration of the deeper lake water. With increasing salinity, coastal mangrove began to
fringe the lake's shoreline. Basinal oxygen depletion ended when salinities were high and
uniform as to permit complete overturn. By then, Harrington Sound had become a marine
inshore water without any surficial inlet. Lagoonal carbonate muds were deposited at
maximum rates of 570 mm/ky in the centres of the main depressions. At their perimeters, in
similar water depths, little sedimentation or even erosion took place. In spite of Harrington
Sound's comparably small size, Kelvin waves or coastal jets seemingly had begun to shape its
bottom. Only a few hundred years before present did Harrington Sound acquire a surficial
inlet, an Oculina coral population, and a permanent summer thennocline.
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A lot of depressions and channels in SE Germany were filled with glacio-lacustrine
sediments during the Elsterian and Saalian glaciations. In the deeper or more central
parts of these structures seasonal laminated silts and clays (varvites) were deposited.
Most of these varvites don't reveal any features of life activites during sedimentation.
Only at some sites and in distinct horizons we were able to collect traces of arthropods
(Cursichnia) and of arthropod larvae or worms (Repichnia). All known ichnocenosis in
glacio-lacustrine sediments are pure in species but rich in individuals. The animals moved
within the summer layers of the laminites and printed the impressions down to the last
winter layer (undertracks).
The tracks caused by arthropods in the SE German varvites have been subdivided in
three ichnogenera: (a) Warvichnium WALTER 1985, (b) Glaciichnium WALTER
1985 and (c) Lusatichnium WALTER 1985.
The Repichnia belong to the ichnogenus (d) Cochlichnius HITCHCOCK 1858.
The different contents of the ichnotaxas in the ichnocoenoses refer to diffent
environmental conditions at the lake bottoms like water depth, temperature, oxygenation
and currents. The traces in the quartemary glacio-lacustrine sediments resemble quite
closely those described from the same facies of the permo-carboniferous glaciation in
Africa and South America.
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Since the l 960es, mono-specific foraminiferal faunas have been unexpecti-vely discovered
in Plio-Pleistocene and Paleogene lacustrine deposits East China hinterland. Later on,
Oligocene oil shale in North China has been found to be made of coccolith laminae
alternating with muddy ones (see figure). It has evoked much controversy, as the eastern
part of the China mainland has emerged after the tectonic events early in Mesozoic. If
these fossils are really indicative of marine influence, the main petroleum resourses in
China would not be •non-marine" in ori~ and the localities of Plio-Pleistocene foram
faunas in North China would have been uplifted over 600m since then. .
·
More detailed studies have
shown, however, that the
..
forams are euryhaline fonns,
-with numerous abnormal
tests, and accompagnied by
non-marine ostracods and
charophytes. The forambearing deposits are limited
in area and just a few to tens
meter in thickness as contrasted with the thousands
meters of normal non-marine
strata. In many cases, the
foram faunas appeared before
or after the evaporite formation. On the other hand, the
recent years' studies on
modem saline-lake faunas have revealed many occurrences of thalassogenous faunas
(forams, •marine• ostraocds and molluscs) in inland waters with marine chemistry (rich in
Na and Cl). Thus, the above-discussed forams and coccoliths in China must be products
of lakes with cloride water, of non-marine origin. The Sr-isotope analyses of the forams
and coccoliths have also denied marine coMection. In sum, these occurrences of
thalassogenous fossils in China are indicative of arid or semi-arid climate, rather than of
marine influence.
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The Paleogene large lakes in China have provided a majority of hydrocarbon resourses for
the country. Since the Neogene, the large rift lakes in East China have been replaced by
extensive alluvial plains because of the east-tilting topography. This tum in tectonic
settings coinsided with the onset of the monsoon circulation system in East Asia, both
being related to the uplift of the Tibetan Plateau.
To gain an insight into the nature of these oil-producing lakes in premon-soonal China, the
Paleogene Dongying Lake, located on the place of the modem Yellow River delta, has
been systematically studied for its paleo-limnological details. This is one of the best
studied oil basins in China, and its 5700 sq km area has been penetrated by overl0,000
petroleum drill wells.
The paper presents new results of palolimnological studies of the lake using numerical
modelling and various analyses: topographic reconstructions of its catchment area and
paleobathymetry of the lake based on "mass-balanced", lithological and paleoecological
methods; the evolution oflake chemistry ac- cording to mineralogy { evaporites and
carbonates), geochemistry { e.g., isotopes, Sr/Ca, Mg/Ca of ostracods), and paleontology
{ dinotlagellates, charophytes and other algae, ostracods, gastropods, bivalves, fishes,
cladoceras, forams and coccoliths); paleoproductivity, paleoclimate, etc..
The detailed studies of a 600m-long core from its source rock sequence have revealed the
mechanisms of its formation The rhythmic alternation of grey and brown mudrock with a
couplet thickness of a few cm has recorded a decadal {?) periodicity of oxygenation of
bottom water, as shown by ichno-logy, magnetic susceptibility and geochemistry. The
calcareous shale with paper-thin laminae of whitish coccolith carbonate and dark-grey
mudstone with dinoflagellates has been accumulated in annual cycles of coccolith bloom in
dry season and mud deposition in wet season.
The Tongying Lake studies have shown a subtropical, partly dry climate in pre-monsoonal
East China, and a basin morphology with sediment patterns well comparable with those in
the modem rift lakes of East Africa.
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The sediments of Lake Constance are a detailed archive for manifold environmental changes of
the lake and its catchment area during the past ca. 17,000 calendar years. They are dated by
means of sedimentological charactcristica. Secular Variations of the declination of the earth's
magnetic field, AMS- 14C data and counting of laminated sediments. In total, the sediments
represent a time span of ca. 17,200 cal. years, resp. 14,600 14C-years.
After meltwater-dominated sedimentation during retreatment of the Rhine-glacier. windtransported material settled down between ca. 17,200 cal. YBP and 15,200 cal. YBP (ca.
14,600- 12800 14C-YBP). The thickness of these Yellowish-Brown Rhythmites varies with a
200 year period. Overlying Dark Clays have been deposited under wanner conditions during
the B0lling/Allen1d-period. The lack of wind-transported sediments indicate increasing
vegetation around the lake. A subdivision of the Dark Clays is the result of the Younger Dryas
event, which increases the sedimentation rate and changes the sediment composition slightly.
The beginning of this event is well defmed by the marker horizon of the "Laacher See.. Tephra.
Early holocene sediments contain the highest autochthonous calcite concentrations. Three
maxima around 10900, 9300 and 7800 cal. YBP (9450, 8300, 6900 14C-YBP), which are
spread over the whole lake are interpreted as "warm" phases. Several horizons with dark grey
intcrflow sediments indicate an accumulation of high water events from the Alpine Rhine
around 4100, 3300 and 2600 cal. YBP (3700, 3100, 2500 14C-YBP). The increasing number
and thickness of flood layers at that time seems to be an image of colder climate.
After occupation of the eastern Lake Constance area by the Romans and the alemannic
settlement in the first thousand years AD, climatic and anthropogenic induced changes of the
environment intermingle and are not easily to distinguish. For example, we see a high sediment
input during the Little Ice Age. In addition, forest clearings in the "Bilndner Land" are
documented which will cause higher erosion rates, too.
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Loch Ness is one of the deepest and volumetrically largest freshwater lakes in Britain
(Maitland 1981 ). The basin morphometry is such that laminated sediments have been formed in
at least the uppermost 6m of sediment. The aim of this research is to establish the structure and
periodicity of these laminations as a contribution to the investigation of long-term
environmental change. The research strategy has followed an initial study of the limnological
processes in the loch (Bennett 1993) and the sampling of the sediments has taken three forms:
annual sediment traps on the loch bed, sediment traps suspended in the water column, and
sediment cores. This paper concentrates on the results from the first annual sediment trap.
The sediment trap was located in the centre of the north basin of the loch at a depth of 204m
and was in place from 18.4.93 tol9.4.94. In the 8.Scm of sediment collected, 8 laminae were
identified, sampled and analysed as follows:
Diatom analysis. The percentage frequency of diatom species present was calculated to allow
comparison of changes in species composition in different laminations. Results indicate that the
frequency of Achnanthes mi11utissima and Cyclotella comta are inversely related. Results from
the 200m monthly sediment traps retrieved from the water column confirm a similar
relationship. Initial results suggest that Achna11thes minutissima peaks represent the early
spring and summer productivity, whereas Cyclote//a comta peaks represent the autumn
maximum. Principal component analysis of the diatom results has shown that there are
relationships between particular laminations.
Geochemical analysis. Qualitative energy dispersive X-ray (EDAX) analysis was carried out
on the laminae and revealed identifiable chemical differences between the laminations,
particularly in the concentrations of total phosphorus, sulphur and potassium. The low
iron/manganese ratio, indicating a reducing environment, corresponds with a peak in sulphur.
Particle size analysis. Visual observations carried out on site and during laboratory sampling
of the trap material appear to show systematic differences in particle size in the laminations.
However, particle size analysis by laser granulometry identified only minor differences between
the laminations. Further physical and statistical analyses need to be undertaken in order to
establish any grain size pattern related to the seasonal deposition.
Initial analysis of modern sediment deposition in Loch Ness has indicated evidence of
seasonality in the sediment flux and in the formation of the laminations. The information
provided by this study will be crucial to understanding the periodicity of the laminations and
the chronostratigraphy of the sediment cores.
References:
Maitland,P.S. (1981) The Ecology of Scotla~1d's Largest Lochs: Lomond, Awe, Ness, Morar
and Shiel. The Hague, Junk.
Bennett,S. (1993) Pattern a11d Processes ofSedimentation in Loch Ness. Unpublished BSc
(Hons) Thesis, University of Staffordshire.
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Palaeoecological and sedimentological investigations are carried out in a small former
lake filled up with Late Glacial and Early Holocene lacustrine sediments. The basin is situated
at Lindebjerg close to Saltbmk Vig in northwestern Sjmlland. Denmark. The aim of
investigations is to reveal the history of the lake and lead to a reconstruction of the
palaeoclimate and vegetational evolution in the area after the last deglaciation.
Samples have been taken from sediment cores taken with a Russian peat sampler and
profiles have been drawn from open pits in the area made by archaeologists.
The methods used in the investigation are primarily pollen analysis and plant matrofossil
analysis besides sedimentological description . The content of TOC (total organic carbon),
sulphur and mineral matter have also been measured, and a few AMS datings have been
carried out. The lacustrine sequence is very condenced and the whole Late Glacial and
Early Holocene lacustrine sequence is only about 1.5 m long. The sedimentological changes
occur at several levels and samples have been taken out in all units at every 2.5 cm, or closer
where nessesary.
The 14C age of the oldest organic sediments is about 11.500 years B. P. There is no
dating of the uppermost sediment, but a dating close to the top shows a 14C age at about
6.000 years B.P.
A pollen diagram is constructed from detailed absolute pollen counts. It is however
be difficult to distinguish between the local and the regional pollen component from pollen
analysis alone. This is especially true in the Late Glacial where the amount of long distance
transported pollen was large due to the sparse tree cover. To solve this problem plant
macrofossil analysis is carried out, as a combination of this and pollen analysis give a more
true picture of the past vegetation.
The results from the Lindebjerg core will be linked and compared to results from
other investigations in southern Scandinavia and will thereby hopefully contribute to a more
detailed understanding of the often complex climatically induced changes that took place in
the region during the Late Glacial and Early Holocene.
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Cycles in the upper part of the Helena and Wallace formations are
analyzed from eighteen measured sections up to 800 m thick covering an
area of more than 21,000 sq. km across northwestern Montana. Individual
cycles, one to 10 m thick, can be correlated across most of the area. Bases
of the cycles are sharply defined. Some are scoured surfaces mantled by
intraclasts. Most lower half-cycles are composed of hummocky cross
stratified, fine sandy beds 3-10 cm thick capped by thin mud drapes
(pinch-and-swell couple sediment type). These grade landward
(eastward) and upward in the cycles to smaller, thinner hummocky cross
stratified layers 3 mm to 3 cm thick capped by dark mud (pinch-and-swell
couplet sediment type). In some lower half-cycles pinch-and-swell
couplets grade landward to uncracked even silt-to-clay layers 3 mm to 3
cm thick (uncracked even couplet sediment type). Even couplets grade
landward to very thin silt-to-clay layers less than 3 mm thick
(microlamina sediment type). Upper half-cycles are marked by basinward
shift of the pinch-and-swell couplet, even couplet and microlamina facies
tract. Most cycles are capped by microlaminae.
Shoreward fining and thinning is interpreted to reflect deposition in a
very broad, shallow lake, in which the bottom stayed within storm wave
base. In the absence of a clinoform or fondoform sediment trap, fine sand,
silt and clay remained within reach of storm waves. Storms continually
swept fine sand into hummocks. Some re-suspended mud settled in the
lake center, forming the upper muddy layers of the pinch-and-swell
couples and couplets. The even silt-to-clay couplets and microlamina of
the eastern, shoreward facies records suspension transport and
accumulation. Mud may have been driven shoreward by asymmetric
waves dragging the bottom. It may have accumulated as stable
suspensions, which in tum diminished wave size, promoting more mud
accumulation.
The microlaminae represent suspension accumulations from the
shallowest water column, on occasionally exposed lake mud flats. In
earlier papers, I have mistakenly compared microlaminae to thin and
evenly laminated, deep water lacustrine oil shale. Shallow water
microlaminae differ from oil shale in having more irregular, occasionally
rippled laminations. They are commonly cut by decimeter-deep rills that
lack coarse infill, but instead are laterally onlapped by more
microlaminae. Some microlaminae are deformed into small, tight, soft
sediment folds, and some are cut by polygonal desiccation cracks.
Microlaminae range from dark and carbonaceous, to tan-weathering and
dolomitic, to green and chloritc, to red and hematitic.
This shallow, large, Proterozoic lake with a sandy center and muddy
margins reverses the general model of lakes with muddy centers and
sandy shorelines.
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Sediment profiles of the SteiBlinger See, a small lake west of Lake Constance in southern
Germany (Baden-Wiirttemberg) represent the complete late- and post-glacial lake development
and thus climate changes as well as anthropogenic influences in the region during this period.
The intermittent meromictic lake with a maximum depth of 20.5 m shows a sediment thickness
of 6.3 m on the deepest point up to 8 m on the litoral calcareous platform. Several sediment
cores taken from stations with different water depths are characterized by sediment structure
and sediment composition. Palynological analyses, •4C-dates and human impacts upon the lake
give a rough estimate of various time markers. The sediment profile from the deepest point of
the lake is differentiated into 9 sediment types, which are dominated by laminated sediments.
Annual lamination of a 2 m sequence give a high resolution time scale. Paleotemperature
reconstruction based on oxygen isotope data of limnic ostracods are in progress. The fir~t
results, mostly concerning the profundal profile, are presented here:
The sedimentation history can be reconstructed back to the formation of the lake at the end of
the last glacial period. The increasing amount of organic material in the sediments, accompanied
by epilimnetic biogenic decalcification, documents the changing climatic conditions during the
warming up period in late glacial time. l.aacher See Tephra marks the end of the Allered.
During the early Holocene a strong anaerobic hypolimnion caused the dissolution of calcite.
This situation lasted until the Atlantikum, followed by the formation of seasonal lamination of
thin calcitic and organic layers for a period of approximately 5000 years.
The deposition of elastic sediments due to forest cuttings in the catchment area indicates the first
human influence during the Brome Age. When the first settlement was started in the vicinity of
the lake the nutrient input increased and later the lead content, presumably due to mining and
processing activities. At the end of the Middle Ages inflow and discharge of the lake had been
changed and lamination disappeared. Hemp steeping led to eutrophication of the lake. During
the last two centuries, when only swimming and fishing in the lake was permitted, the
limnological situation improved. Since the Industrial Revolution the atmospheric input of heavy
metals has increased.
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UPPER PERMIAN LUCAOGOU AND HONGYAN CHI
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The upper part of Upper-Permian outcropped on the southern edge of Junuar Basin is dominated by dark-gray shale and mudstone and more than 1700m in thickness. It has been
subdivided into Lucaoguo and Hongyanchi Formations. Judged from the occurrences of fish,
bivalves and fine laminae in the shale and wave-generated ripples in the siltstones, both formations have been assigned to lacustrine deposits. For the purpose of sequence stratigrqphy
study, we carried out detailed field work, thin-section observations, XRD and spectrum analysis in 1991-1993. These deposition environments have been diferentiated: shoreline plain,
low-energy and high-energy shoal, longshore zone ( inner-longshore bar, outer-longshore
zone, fan-delta ) and offshore zone ( shallow and deeper open lake ). The frequent presence
of thin marker-beds for subaerial exposure like tufa, calcareous concretion and (or) rootlets
vcnically along the profile suggests that the Jake dried out periodically even during highstand
of Lucaoguo Formation. Multiple orden of Sedimentary cycle were studied by means of
Fourier analysis, which reveals some mcan!Jigful information. 28 sequences have been differentiated and typical sedimentary system tracts been discussed. A relative variation curve of
lakeshore oalu p 'o'\'as compiled, thus proving that the available sequence stratigraphy model
for marine elastic sediments can be applied to large-scale continental basins, although some
differences and methodological difficulties may occur.
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Fig. I

Geologic sketch around Urumqi and locationJ of the measured profiles
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Turkey

Burdur, Ac1go~ Said.a, Egirdir and Bey$ehir lakes are the main depression lakes
within the SW-Turkey. The lakes of Burdur, Salda and Ac1gol have saline and
hypersaline lake character, but the Egirdir and Bey~ lakes are dominantly
permanent freshwater lakes.
All present lakes within the SW-Turkey, are bounded with the active strike-slip and
normal faults which are NW, NE and N-trending. The lake district of western
Anatolia divided into two different division with the N-trending Egirdir-Kovada
graben. In eastern part of Egirdir-Kovada depressional axis, the tectonic lines are
dominantly NW-trending. But the main structmal trends in the western part of
Egirdir-Kovada graben are dominantly NE-trending (Fig.I ).
- - - lntlQ SUP 'MIU
__..__ - A L JAUl,f
~CIWllllf-tl

.#

AFlllCAN 1'1,AT(

Fig. 1: Tectonic setting of present depression lakes of western Anatolia (modified
after ~engor and Ydmaz, 1981; Ko0'igit, 1984; Dilek et al., 1990).
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The NE-trending Burdur fault have a transform character and continue to the
Mediterranean Sea and probably developed between of Hellenic and Cyprus trench.
SW-directional relative motion of western Anatolian plate created a regional
tansional regime that have may resulted the Aegean grabens and depressional lakes.
The Ac1gol, Burdur and Salda lakes typically ringed by saline mudflats and
sandflats which locally grade into alluvial fans. The modem sediments of the
Ac1gol,Burdur and Salda lakes are composed of variable proportions of
thenardite,m.irabilite,halite, magnezite and gypsum precipitates. Thcnardite,
mirabilite and halite is dominant evaporitic minerals of Actgol, but the Salda Lake
characterized with the magnezite precipitation.

REFERENCES
Dilek, Y., Thy, P., Moores, E.M. and Ramsden, T.W., 1990. Tectonic evolution of
the Troodos ophiolite within the Tethyan framework: Tectonics, v.9/4, 811-823.
Ko~igit,A., 1984. Intra plate neotectonic development in southwestern Turkey and
adjacent areas (with English abstract): Bull. Geol. Soc. Turkey,27/1, 1-16.
Sengiir, A.M.C. and Ydmaz, Y., 1981. Tethyan evolution of Turkey: A plate
tectonic approach: Tectonophysics, 75: 181-241.
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Water level fluctuation as initiated by climatic changes is one of the most important fictors
controlling elastic as well as chemical sedimentation in closed lakes. The aim of this study is a
combined simulation of (1) water level fluctuation and (2) salinity evolution of such closed
lakes, using parameters for climate or influx of chemical and mechanical river load, basin
geometry, and sedimentation rates. Climatic parameters include precipitation and evaporation
on the lake sumce as well as water inflow from the drainage area through rivers and/or
groundwater. In order to descnl>e the relationship between lake area, water depth and water
volume of natural irregular lake basins, two geometrical parameters are introduced. They
represent the ratio of water depth to the square of lake area resp. the ratio of water volume to
lake area and water depth. Statistical analyses of data ftom several typical lake basins such as
Lake Tangayika, Kiw , Qinghai (China), Yiseke (China) and Hulun (China), demonstrate that
both geometrical parameters can be expressed by a hyperbolical fimction of water depth. The
sedimentation rates used in the model are estimated from representative denudation rates
determined in drainage areas with comparable climate, rock composition, and relief
.
As a first case study to verify the developed model, Lake Qinghai was chosen. This lake,
located at the northeastern comer of the Tibet-Qinghai plateau, NW China, fell dry during
latest glacial stage of the Pleistocene. Since the Holocene, a sectimentologically and
hydrologically closed lake basin was developed. Sediments and paleoshorelines show a fist rise
of lake level at the beginning of the Holocene which was followed by a still persisting tendency
of lake level fill. This obseJVation can be successfully simulated independent climatic
parameters which were semiquantitatively estimated from the existing spore-pollen data and
the olSo curve of core samples from the lake.
Based on the simulated lake level fluctuations, the Holocene salinity evolution of Lake
Qinghai was quantitatively reconstructed. At present, its water is brackish, mesosaline ( 14.15
g/l IDS), alkaline (pH=9.3), and has to be classified as a Na-Mg-Cl-S04 type brine which
evolved since the early Holocene highstand due to lake level fill The autochthonous minerals
in the lake sediments are dominantly low Mg-calcite, aragonite, and dolomite. The chemical
and biological precipitation of these minerals removed the major part of Ca, some Mg as well
as HCOJ from the lake water. The more soluble species (Na, Cl, Mg, and S04 ) became
enriched in the lake water.
(See also contnoution by EINSELE & IIlNDERER).
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Palustrine carbonates have been widely studied recently and their facies models have
been defined. The classical definition by Freytet (1984) is clear enough for palustrine
carbonates but some other sediments, especially clays deposited in the same environment have
not received so specific attention. The fact that most of the palustrine deposits are chiefly
freshwater limestones is in clear relation with the climatic conditions in which they were
deposited. The facies models proposed for these palustrine limestones differentiate among
semi-arid, intermediate and sub-humid climates (Platt & Wright, 1992).
A detailed analyses of palustrine deposits from the Tertiary of Spain clearly reveals
that some other factors, not only climate, controlled palustrine facies deposition. which is
more varied than expected. In addition to climate these factors are morphological setting,
source rock and hydrology.
Morphological setting controls the stability and hence the time of permanence of the
water body. More or less stable and flat surfaces or "non active elastic depositional settings"
are needed for the establishment of a palustrine regime. If stability is majntained for a long
period vertical stacked palustrine sequences will be developed. On the other hand, shorter
stability periods or more "active elastic depositional settings" will account for the
development of pond systems interbedded with detrital deposits.
Source rock. It is commonly accepted that source rock is not a major control on the
deposition of lake carbonates, however it can favour notably their development or inhibit it.
Carbonate and/or evaporite source rocks favour the development or palustrine carbonates
and/or evaporites. Siliceous rocks such as granites, gneisses or siliciclastic sediments, affect
the sedimentation in the lake as more clay is available. These rocks are more suitable source
for Mg which enables the deposition of magnesium-rich clays as well as dolomitization of
previous limestones.

Hydrology is directly linked to climate but at this point we will mainly consider the
mechanism or water supply to the lake. Surficial supply will lead to relatively dilute waters
and so the main precipitate will be calcite. Groundwater supply commonly results in a more
complex water chemistry, probably less dilute; dolomite and Mg-clays may form as a
response to complex interactions between the primary deposits and groundwater.
The four mentioned factors interplay together to give place to a complex mosaic of
palustrine facies. Palustrine limestones are by now very well known and conditions for their
deposition are well established. However. there are other palustrine deposits (clays,
evaporites .... ) which have also suffered the pedogenic processes typical of palustrine
environments. They were deposited under different conditions that the typical palustrine
limestones as more factors interact in their formation. They need additional studies and the
facies model should be completed.
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Although micrites are the most common lacustrine carbonate type little research has
been done ever on their diagenesis. Nevertheless there should be major differences in types
of diagenesis seen in lacusttine muds compared with marine ones. In attempt to isolate some
controls on micrite diagenesis we chose to study late Miocene fresh-water lacustrine
carbonates from the Madrid Basin, Spain. We were drawn to these sequences because the
limestones are highly induratcd. The aim of the work is to study the causes of lithification
in probable low Mg muds which were never deeply buried and have been affected by very
shallow meteoric waters. We expected to see a relatively simple diagenetic pattern but this
is not the case as some of the limestones exhibit microrbombic crystal frameworks while
other in the sequences have typical marine micrite anhedral mosaics.
Anhedral mosaics occur in lacustrine mudstones. The carbonates are structureless and
main bioclasts are ostracods and some cbarophyte gyrogonites. Porosity is filled by calcite
spar. Under CL the micrite is all non-luminescent as are the spar mosaics and the
gyrogonites. Under the SBM the micrite consists of a mosaic of anhedral crystals in which
average size of the calcite crystals is 0.7-0.8 µm. They are embayed and show interlocking
grain boundaries. Porosity is low, being micropores of about 0.2-0.5 µm size. These micrites
formed in somewhat "open" system without the formation of suboxic conditions and with the
more extensive addition of carbonate as cement.
Microporous crystal frameworks, usually interpreted as products of deep burial or
marine fluids, occur in lacustrine wackestones and packstones formed by cbarophyte stems,
gyrogonites and ostracods. The charophyte stems are preserved as micrite, which has the
same appearance as the micrite matrix as both are brightly luminiscent under CL. Evidence
for micritization is clear. Porosity is filled geopetally by luminiscent micrite and nonluminiscent calcite spar. Under the SEM the carbonates are fonned by a highly porous loosely
packed mosaic of euhedral to subhedral crystals of about 1. 75 µm size, in which the rhombic
mo1phology is preserved. They were apparently fonned in a system with a lower water/rock
ratio and under sub-oxic conditions.
IMPLICATIONS: Probably both micrites represent replacements of metastable carbonate
muds and have Mg/Sr ratios that might reflect a precursor composed of aragonite-HMCI.MC, but extensive meteoric diagenesis appears to have re-set any original stable isotopic
(C & 0) signatures. Although their origin is unclear some general implications can be drawn.
Firstly, micrite mosaics typical of most ancient marine micrites can form in effectively
unburied lacustrine muds. Secondly, significant porosity loss can accompany micrite
formation without significant burial, probably due to karst development. 'Ibirdly, microporous
crystal frameworks can fonn in non-marine, non-deeply buried carbonates subjected to
prolonged meteoric diagenesis and finally marked variations in diagenesis do occur locally
in continental carbonates, if reliable criteria can be stablished to identify the compositions of
the precursor muds, non-deeply buried continental limestones could prove useful for studying
micrite diagenesis and this example from the Miocene suggests that even shallow buried
lacustrine muds have a high diagenetic potential.
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Basin analysis derives from the researches of sedimentology and paleogeography.
In the last three decades, the theories of plate tectonics and depositional systems push the
basin analysis forward. The principles and methods of basin analysis have been
summarized by many geologists over the world. However, because of the distict
differences on the comprehension of basin analysis principles, the types of basin, and
research emphasis, there are some differences of principles and methods of basin analysis
among the geologists over the world. According to the geological characteristics of rift
basins in Eastern China, authors would propose a kind of basins analysis method - "method
of tecto-lithofacies analysis in bearing oil-gas basin", that is, through comprehensive use of
several discipline theories and many kinds of practise data, taking the second class tectonic
belt in a rift basin as fundamental studyint units and regarding the tecto-lithofacies analysis
as a key content of basin analysis, and taking the burial history of a basin, tectonic
development, sedimentary filling history and hydrocarbon evolution as essential contents,
studying the occurrences of tecto-lithofacies belts, establishing basin tectonic litho-facies
models which could express the relation between basin tectonics and depositional
processes, and demonstrate effectively the favorable exploration and development areas of
a bearing hydrocarbon rift basin. Authors take Dongpu depression as a typical rift basin in
Eastern China and make detailly geological analysis on the basis of the "method of tectolithofacies analysis". After the comprehensive examinations of 4161 m core (84 wells),
logging data from over 400 wells, and seismic reflection line near 10000 km as well as
other analysical data, the following results have been obtained:
1. Strata framework of the Tertiary Dongpu rift basin has been established in
which two sedimentary cycles, i.e. Eogene and oligocene, have been devided in according
to their lirbological and sedimentary features. The lower sedimentary cycle is characteristic
of deep-water sedimentation, the ratio of sand to clay is 0.37; the upper one is
characterized by shallow water sedimentation, the ration of sand to clay is 0.57.
2. The paleobathymetry, paleosalinity and paleoclimate of the Tertiary Dongpu rift
basin have been deduced by the synthetic use of dispersion degree of fossil group, sporae
and geochemical data. Also, the paleobathymetri, paleosalinity and paleoclimate have the
same features of Eogene and oligocene cycles. The lower cycle is deep water, high
paleosalinity and humid paleoclimate, the upper one is characteristic of shallow water, low
paleosalinity and arid paleoclimate.
3. The rift basin burial history has been calculated by use of back stripping
method, the rate Tertiary sedimentation is high from 0.14 to 0.57. The sedimentary center
of the rift basin migrates from east to west with the geological time younger.
4. The tectonic development of the basin could be divided in three stages, that is,
faulted-down stage, faulted-depression and depression stages by systematic researches of
fault activities. Furthermore, the basin subduction depth has been calculated being 3048 m
in period of Tertiary by consideration of sea-level change, paleobathymetry and sediment
thickness in burial process.
5. Through the use of geological, logging and seismic data. seven types of
depositional systems have been determined, which are alluvial fan, complex delta,
nearshore sunaqueous fan, fan delta, fluvial, gravity flow channel and beach-bar systems.
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These depositional systems are unsymmetry in plane and have several stage feature in
vertical evolution.
6. The abundance of organic matter is not low, the average organic carbon is
0.6%, and bitumen A from chloroquine 0.08%. The oil-gas evolution could be divided into
four stages, that is low maturation (R,,=0.5-1.0%), high maturation (R,,=1.0-1.3%), over
maturation (R,,=l.3-2.0) and dry gas stages (R,,>2.0). The main hydrocarbon generation
period may be the Minhuazhen formation of Tertiary, and the period of hydrocarbon
migration is later 1 million than hydrocarbon generation's.
7. The basin modelling of the rift basin have been developed. And the quantities
of hydrocarbon generation, migration and accumulation have been calculated in each
hydrocarbon generated area and in different geological times.
8. The types of oil-gas traps have been indicated in ever the second tectonic belt
of the rift basin. The major controlled factors on hydrocarbon abundance and oil-gas
occurrences have been analysised on the basis of comprehensive evaluation of oil-gas trap
types.
9. According to "method of tecto-lithofacies analysis in bearing hydrocarbon
basin", the types of tecto-lithofacies have been divided??? The mutual relations among
basin burial, tectonics, sedimentation and hydrocarbon evolution have been studied.
Therefore, the evolutional models of tecto-lithofacies in the rift basin have been established
on the basis of tectonic development.
10. In the light of the models of tecto-lithofacies and present condition of
hydrocarbon exploration in the Dongpu depression, it is demonstrated that the deltas,
located in central uplift of the basin, and nearshore subaqueous fan, located in steep slope
of the basin, are very important for future hydrocarbon exploration and production.
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The aim of this study is to calibrate annually laminated sediments against instrumental
meteorological data of the the last four decades. The determined relationship will then be used
to interpret varve thickness variations of the last millennium and of the early Holocene from
the same site. Investigated sediments are from Lake Holzmaar (Western Renish Massif,
Germany), a site with annually laminated sediments from the present back to 22.5 kyr. Varve
thickness as a mean of three individual measurements was obtained with a petrographic
microscope on large-sized thin sections. Here three selected time windows with poorly
organic Holocene sediments were analysed: 1990 to 1952 AD, 1990 to 1000 AD, and 9.500 to
11.600 cal. BP. Meteorological data are available from the immediate vicinity (<7.5 km
distance) of Lake Holzmaar since AD 1952.
The negative correlation of varve thickness with mean winter (r -0.52) and mean spring
temperatures (r -0.75) is interpreted as the result of an increased influence of allochthonous
sedimentation during more severe and prolonged cold seasons. While mean summer
temperature shows no correlation at all (r =-0.03), fall values demonstrate a positive
correlation (r = 0.57) with varve thickness possibly indicating the importance of a second
annual algal bloom. So far, precipitation data are available only as mean annual values. These
show no correlation (r = -0.12) with varvc thickness. Assuming the strongest correlation
characterises the most important factors controlling varve formation, low winter/spring and
high fall temperatures may be attributed to thicker varves. This more pronounced seasonality
of temperatures is interpreted as the result of an increased influence of continental climatic
conditions.
Accepting increased varve thickness as evidence for colder winter/spring temperatures, the
varve thickness record of the last millennium allows to distinguish three such periods: 1250 to
1310, 1470 to 1510, and 1650 to 1890 AD. The youngest of these colder periods corresponds
to the so-called "Little Ice Age". Solar forcing might be one possible mechanism initiating the
AD 1300, 1500, and 1700 cold periods. Especially, as these periods coincide with the "Wolf',
"Sp0rer", and ..Maunder" sun spot minima, when solar irradiance was reduced.
Applying the same varve-climate link to early Holocene sediments results in two distinct
periods with lower winter/spring temperatures around 11.200 and 10.300 cal. BP. During
these times with increased varve thickness all sediment parameters (total organic carbon flux
rates, biogenic silica, sediment dry density, magnetic susceptibility, and NRM-intensity) are in
favour of more important allochthonous influences on sedimentation. Although the transfer of
the modem varve-climate link to ca. 10.000 year old deposits might be regarded as
questionable, the synchroneity between signals of varve thickness with 13C and 2ff data from
dendrochronologically dated south German pine trees, which are well established high
resolution palaeotemperature proxies, supports this idea.
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