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Carbon and nitrogen stable isotopes in organic matter from Lake Chalco, Mexico:
A record of Quaternary hydrology and climate change

by
Kristin S. Pearthree

B.A., Geology, Oberlin College, 2015
M.S., Earth and Planetary Sciences, University of New Mexico, 2019

ABSTRACT

Sediment cores from Lake Chalco, central Mexico, were analyzed to reconstruct paleoclimate in
the neotropics. This study employs total organic carbon, organic carbon-organic nitrogen ratios, carbon and
nitrogen stable isotope ratios of organic matter (OM), and lithology to reconstruct changes in lake level and
productivity. During Marine Isotope Stage 3 (~42-29 ka) bulk OM 8"°C and 8"°N results suggest the lake
experienced strong evaporation and high pH due to warm temperatures and moderate precipitation. Large
amounts of terrestrial C3 plant matter were deposited during the Last Glacial Maximum (~22-19 ka),
suggesting a swampy environment resulting from reduced precipitation and cooler temperatures because
the Intertropical Convergence Zone was located south of, and the mid-latitude storm track north of, Lake
Chalco. The deeper part of the core records repeated changes between a lower, evaporative lake and a
deeper, productive lake; sections rich in terrestrial C3 plant-rich remains may represent previous glacial
maxima.
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1. Introduction

Many aspects of past climate change in continental subtropical regions are
currently poorly understood. This study examines Quaternary hydrologic change at a lake
in central Mexico in order to help define natural climate variability in the subtropics.
Changes in local hydrology are related to changes in regional climate, which in turn
occur within the framework of global climate change. Total global insolation and
distribution, determined by the orbital parameters eccentricity, precession and axis tilt,
control climate cycles with longer periodicities (100 ka, 41 ka, and 23 ka). Within these
longer cycles, abrupt climate change can occur during millennial-scale Dansgaard-
Oeschger (D-O) and Heinrich Stadial (HS) events. Competing hypotheses suggest
triggers for abrupt global climate change may lie in North Atlantic thermohaline ocean
circulation or in tropical atmosphere-ocean El Nifio Southern Oscillation (ENSO)
interactions (Clement et al., 2001; Broecker, 2003). Paleoclimate records from the
neotropics allow us to compare the timing of climate change in the subtropics to changes
at higher latitudes, and to explore global teleconnection patterns that could interact during
periods of rapid climate change. To better understand how anthropogenic forcing may
change climate in the future, relations between tropical and global climate change require
further investigation.

Cores with precise age dating collected from Lake Chalco in the Basin of Mexico
provide a continuous high-resolution climate change record at a high altitude neotropical
continental location that may span ~350-450 ka. The lacustrine sediment cores collected

by the MexiDrill Project will help define natural variation in precipitation and



temperature at Lake Chalco through glacial-interglacial cycles, providing a better
understanding of the magnitude and rates of natural climate change in the region.

Today, Mexico City has a population of over 21 million people (Kimmelman,
2017) and the basin and surrounding areas contain nearly 25% of Mexico’s population.
Groundwater demand is causing surface subsidence within the city, destabilizing
buildings and putting stress on water resources for this population. Currently, Mexico
City imports 40% of its water from distant sources (Kimmelman, 2017) and future
climate change-induced drought could exacerbate this already-pressing problem.
Studying paleoclimate in Central Mexico can help to refine climate models used to
project possible future climate change, by defining natural climate variability in the
absence of anthropogenic forcing.
1.1. Modern Mexican Climate

The current climate at Lake Chalco is subtropical and it is situated near the
transition to the semi-arid climate in Northern Mexico. The northern extent of the
temperate-tropical climates is largely controlled by seasonal variations in the position of
the Intertropical Convergence Zone (ITCZ) precipitation belt and easterly trade winds
that carry moisture into the region from the Gulf of Mexico and the Caribbean Sea.
Because Lake Chalco is so close to this boundary, paleoclimate records can provide
information on the shifting boundary between these dominant phenomena associated with
global climate changes.

The mean annual temperature at Lake Chalco is ~16°C and the maximum annual
temperature is ~27-28°C and occurs during late spring. The minimum annual temperature

during the winter is ~4-7°C (Torres-Rodriguez et al., 2015). Mean annual precipitation is



~540 mm; most precipitation occurs from late June to September when the ITCZ is at its
most northern position (Torres-Rodriguez et al., 2015). The timing of major seasonal
precipitation roughly coincides with the North American Monsoon experienced farther
north in Mexico and the Southwestern U.S., although the mechanisms delivering
moisture are somewhat different. The remaining precipitation is associated with
occasional winter storms, called nortes, that move into the region from the north.
Modern Central Mexico is subject to annual climate variability influenced by the
extent and strength of ITCZ northward seasonal migration during the Northern
Hemisphere summer, El Nino Southern Oscillation (ENSO), and occasional winter
storms. This annual variability may change as a result of anthropogenic climate change;
some recent modeling projections predict drying in the Mexico City area due to
decreased summer precipitation (Magrin et al., 2014). The as yet uncertain response of
the ITCZ to global climate change makes it more difficult to predict how climate will
change in Central Mexico. Sediments obtained from the Lake Chalco core record

multiple periods of substantial global climate change, and thus provide an opportunity to

1.2. Existing tropical climate records
Long tropical climate records

from southern North America and the

Caribbean (Figure 1) have offered

some opportunity to study long-term

climate change in the region. These

Figure 1. Locations of long Quaternary paleoclimate
records in the neotropics and subtropics. 1) Lake . . .
Chalco, Mexico 2) Cariaco Basin, Venezuela 3) Lake records include previous studies of

Peten Itza, Guatemala 4) Cave of Bells, Arizona.



Lake Chalco sediments and other lakes in Central Mexico (Bradbury, 1971; van der
Hammen, 1974; Bradbury, 1989; Bradbury, 1997; Miranda, 1997; Metcalfe et al., 2000;
Sedov et al., 2001; Solleiro-Rebolledo et al., 2006; Roy et al., 2009; Solleiro-Rebolledo
et al., 2011; Lozano-Garcia et al., 2015; Torres-Rodriguez et al., 2015; Holmes et al.,
2016; Ortega-Guerrero et al., 2017; Caballero-Rodriguez et al., 2018; Caballero et al.,
2019), marine sediment cores from the Cariaco Basin off of the north coast of Venezuela
(0-580 ka) (Lin et al., 1997; Peterson et al., 2000; Haug et al., 2001; Peterson and Haug,
2006; Gibson and Peterson, 2014) and cores from Lake Peten Itza in Guatemala on the
Yucatan Peninsula (0- ~400 ka) (Anselmetti et al., 2006; Hodell et al., 2008; Bush et al.,
2009; Escobar et al., 2012; Grauel et al., 2016). In addition, a speleothem record from the
Cave of Bells located in Arizona in the southwestern United States (Wagner, 2006;
Wagner et al., 2010) provides information regarding winter storm track position and
drought conditions during past glacial-interglacial cycles.
1.2.1. Basin of Mexico paleoclimate

Studies of Central Mexico Quaternary climate have historically focused on the
transition from the Last Glacial Maximum (LGM) (~ 26-19 ka; Clark et al., 2009) to the
Holocene (~11.7 ka; Cohen and Gibbard, 2016), with few records older than ~30 ka.
Some studies of paleoclimate in Central Mexico suggested the LGM was a relatively dry
period compared to the Holocene (Bradbury, 1971; Bradbury, 1989; Bradbury, 1997; Roy
et al., 2009; Solleiro-Rebolledo et al., 2011; Lozano-Garcia et al., 2015; Holmes et al.,
2016). For a number of years, the traditional explanation for this climate pattern was a
southward displacement of the ITCZ, leading to decreased summer precipitation across

the region. However, later studies suggested that effective moisture availability during



the LGM across Central Mexico was more spatially varied than previous assumed
(Metcalfe et al., 2000; Caballero-Rodriguez et al., 2018). Some studies indicate the LGM
may be a wetter period (Miranda, 1997; Metcalfe et al., 2000; Sedov et al., 2001;
Solleiro-Rebolledo et al., 2006; Ortega-Guerrero et al., 2017; Caballero et al., 2019).
However, other records indicate the ITCZ shifted to a more southerly position during this
time (Peterson et al., 2000; Haug et al., 2001; Peterson and Haug, 2006; Gibson and
Peterson, 2014), so the source of moisture in central Mexico remains unclear. A possible
moisture source is increased winter precipitation as a result of more winter storms
penetrating further south more frequently (Bradbury, 1989; Bradbury, 1997; Correa-
Metrio et al., 2012). Another possibility is that there may be a slight increase in winter
precipitation, but lower mean annual temperatures and resultant lower evaporation rates
are mainly responsible for increasing effective moisture across the region (Bradbury,
1989; Ortega-Guerrero et al., 2017; Caballero et al., 2019). Indeed, studies of glacial
advances during the LGM on the mountains surrounding the Basin of Mexico suggest a
temperature decrease of ~4-6°C (van der Hammen, 1974). Two recent papers examining
pollen and diatom assemblages from an earlier Lake Chalco core suggest a mean annual
temperature decrease of ~4-5°C during the LGM (Correa-Metrio et al., 2013; Caballero et
al., 2019). Most studies agree that the deglacial period (~19-11.7 ka; Escobar et al., 2012;
Cohen and Gibbard, 2016) was generally drier than the LGM (Metcalfe et al., 2000;
Solleiro-Rebolledo et al., 2006; Roy et al., 2009; Correa-Metrio et al., 2012; Torres-
Rodriguez et al., 2015; Holmes et al., 2016). Additional high resolution records spanning
the time period from the LGM to the Holocene could clarify neotropical climate

fluctuations associated with the transition from a glacial to an interglacial period.



Paleoclimate records in Central Mexico for time periods older than Marine
Isotope Stage (MIS) 2 (~29 kya; Lisiecki and Raymo, 2005) are sparse. A few studies
suggest that MIS 3/4 (71-29 kya; Lisiecki and Raymo, 2005) was a wetter period
(Bradbury, 1989; Sedov et al., 2001; Solleiro-Rebolledo et al., 2011; Lozano-Garcia et
al., 2015), possibly as a result of increased Northern Hemisphere insolation driving
summer precipitation. However, a study by Correa-Metrio et al. (2012) suggests Heinrich
Stadials (HS) 4-5 during MIS 3, characterized by ice rafting events in the North Atlantic
that cooled global climate, may have been the driest periods of the last ~50 kya, with no
modern analog in the region. Some studies concluded that during MIS 3/4, Central
Mexico experienced high-frequency climate oscillations with periods of high fire activity
associated with severe aridity induced by increased spring insolation (Torres-Rodriguez
et al., 2015; Caballero et al., 2019). These millennial-scale oscillations could be
associated with HS or D-O events, but the timing of these apparent events remains
unclear, so they cannot be tied to a specific HS or D-O event. The sediments from MIS 3
(57-29 kyr; Lisiecki and Raymo, 2005) remain carbonate-dominated, suggesting Lake
Chalco continued to be relatively shallow and alkaline (Ortega-Guerrero et al., 2017).
Low lake stands most likely associated with arid conditions persisted at Chalco during
MIS 5 and even into MIS 4/3 (Ortega-Guerrero et al., 2017). A recent high-resolution
study of earlier Chalco cores indicates that mid-MIS 6 (~147-130 kya), a glacial period,
was relatively wet, resulting in a deep and stratified freshwater lake, as recorded by
laminated diatomaceous sediments (Ortega-Guerrero et al., 2017). At the end of MIS 6
the lake became carbonate-saturated, resulting in autochthonous carbonate deposition

(micritic muds), possibly due to productivity-induced high pH (Ortega-Guerrero et al.,



2017). The new record from Lake Chalco will cover 2-3 glacial terminations, but these
are not as yet fully defined in the core.

The Trans-Mexican Volcanic Belt (TMVB) in Central Mexico contains many of
the lakes and paleosols used in regional paleoclimate studies. This is a volcanically-active
area, and volcanic activity could influence sedimentation and ecological patterns
associated with climate signals in paleoclimate records. Further studies examining high-
resolution records older than 30 ka could clarify competing climate and volcanism signals
in lacustrine paleoclimate records from Central Mexico.

1.2.2. Other North American Neotropical records

The most widely cited Pleistocene-age record from the neotropics is from the
Cariaco Basin, Venezuela. This largely-anoxic silled basin provides a record of ITCZ
migration in the Caribbean for the last 580 ka. The basin traps riverine terrigenous
sediment that records changes in precipitation in the watersheds of rivers draining from
South America (Peterson and Haug, 2006). The results of studies examining the changes
between terrigenous and biogenic sediments suggest that the ITCZ shifted its mean
northern-most position south during periods of increased Northern Hemisphere cooling,
stadials and glacial periods (Lin et al., 1997; Peterson et al., 2000; Haug et al., 2001;
Peterson and Haug, 2006; Gibson and Peterson, 2014). This more southerly position led
to drier conditions in northern South America during the LGM (Haug et al., 2001;
Peterson et al., 2000; Gibson and Peterson, 2014). During periods of Northern
Hemisphere warming precipitation over northern South America appears to have
increased, including interstadials, interglacial periods and the early Holocene “thermal

maximum” (Haug et al., 2001).



Quaternary changes in precipitation in northern South America are largely
attributed to ITCZ migration patterns. The primary forcing mechanism for the ITCZ
response to differential hemispheric heating remains unclear. Studies suggest both North
Atlantic forcing, namely glacial meltwater input and subsequent cooling, and tropical
Pacific-ENSO interactions as possible forcing mechanisms for changes in the mean
annual position of the ITCZ (Haug et al., 2001; Peterson and Haug, 2006; Broccoli et al.,
2006). The synchronization between the Cariaco Basin record and the Greenland ice core
record indicates a strong teleconnection between the high latitudes and the tropics
(Peterson and Haug, 2006). This demonstrates the necessity for research investigating
ITCZ position during the Quaternary in order to better understand relations between the
ITCZ and global climate change.

Lake Peten Itza, situated on the tropical Yucatan Peninsula in northern
Guatemala, experiences a wet summer and dry winter due to the annual migration of the
ITCZ (Anselmetti et al., 2006; Hodell et al., 2008; Bush et al., 2009). MIS 5a, MIS 4 and
early MIS 3 (~85-48 ka) appear to have been relatively wet periods, with a shift towards
drier conditions at ~48 ka (Hodell et al., 2008). A 2006 study by Anselmetti et al. of a
core taken from Lake Peten Itza indicated that the LGM was fairly wet at this location.
Further studies (Hodell et al., 2008; Bush et al., 2009) support this conclusion. This raises
an important question: what climate pattern produced increased precipitation during a
colder period when the Cariaco Basin record indicates the ITCZ was shifted to the south?
Reduced summer precipitation but increased winter precipitation due to the deflection of
the modern winter storm track south by the Laurentide Ice Sheet could have generated

wetter cooler conditions (Bush et al., 2009). Pollen-based temperature reconstructions



(Correa-Metrio et al., 2012; Grauel et al., 2016) suggest humid conditions and an LGM
temperature decrease of 5-10°C relative to the Holocene. The early deglacial period (~19-
15 ka; Rasmussen et al., 2014) and the Younger Dryas (12.9-11.7 ka; Rasmussen et al.,
2014) appear to have been the driest intervals in the last 25 ka at this location (Escobar et
al., 2012). Decreased winter storm frequency, reduced summer precipitation due to the
continued more southerly position of the ITCZ, and increased spring insolation are all
factors thought to have contributed to drier conditions (Hodell et al., 2008; Bush et al.,
2009; Escobar et al., 2012). Lake Peten Itza appears to record HS events as drier periods,
likely resulting from the southerly position of the ITCZ (Bush et al., 2009; Escobar et al.,
2012; Grauel et al., 2016). The early Holocene is a wetter period, likely due to a more
northern mean position for the ITCZ and subsequent increased annual rainfall
(Anselmetti et al. 2006; Hodell et al., 2008; Bush et al., 2009; Escobar et al., 2012).

The Cave of Bells speleothem record from southeastern Arizona, United States
suggests the LGM was a period of increased precipitation at this location (Wagner,
2006). The high-resolution record spanning MIS 3-2 records millennial-scale D-O Events
with periodicity of ~1500 years (Wagner, 2006). These events oscillate between cool/wet
conditions during stadials and dry/warm during interstadials. Changes in atmospheric
dynamics, particularly the location of the mid-latitude winter jet stream, may have
increased/decreased winter precipitation across the Southwestern United States during
stadials/interstadials, and increased winter precipitation during the LGM (Wagner, 2006;
Wagner et al., 2010). The transition to the Holocene was stepwise, with warmer/drier
conditions during the Bolling-Allerod interstadial and wetter/cooler conditions during the

Younger Dryas (Wagner, 2006; Wagner et al., 2010). The record from Lake Chalco could
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help constrain how far south the mid-latitude jet, and associated winter storms, extended
during the LGM. Climate signals in the new Lake Chalco record can be compared to
other tropical and neotropical records, such as the record from the Cave of Bells, to
identify leads and lags that could indicate possible mechanisms for the changes in

precipitation in the neotropics.

2. Site Description
Lake Chalco is
one of five internally-
drained lakes in the
Basin of Mexico and is

located just south of

Mexico City (19°00°-
4 1900
20°00°N; 98°00°- RE0 98 20
Figure 2. Site map of the Basin of Mexico, showing the extent of
99°30°W; 2240 m asl) in the paleolake (flat magenta areas), the developed areas of the

megalopolis (yellow outline), and location of coring sites in

. Chalco (black rectangle). Modified from Pi et al (2010).
the Trans-Mexican

Volcanic Belt (Figure 2). The Trans-Mexican Volcanic Belt is an active continental arc,
the result of the subduction of the Cocos Plate beneath the North American Plate (Ortega-
Guerrero et al., 2017). The Basin of Mexico formed ~1.0 Ma with the eruption of the
Sierra del Chichinautzin Volcanic Field (Arce et al., 2013), which closed the basin’s only
outlet. The five lakes, Texcoco, Chalco, Xochimilco, Zumpango, and Xaltocan, are
hydrologically-linked at higher lake levels. Currently, preliminary age estimates suggest
that lacustrine sediments began to collect in Lake Chalco at ~350-450 ka following basin

closure, and are underlain by basalt bedrock.
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Lake Chalco is located in a NNE-SSW-oriented semi-graben (Lozano-Garcia et
al., 2015) and the historical surface area of the lake was ~120 km” (Caballero and Ortega-
Guerro, 1998). The lake catchment is ~1100 km” and includes the western slopes of
Iztaccihuatl and Popopcatepetl volcanoes (Ortega-Guerro and Newton, 1998). The
modern plant community in the Lake Chalco watershed is pine-oak forest (Rzedowski
and Rzedowski, 2001). Ongoing basinal subsidence has generated a lacustrine sediment
package at Lake Chalco that is ~280 m thick. Lake Chalco was drained by the Spanish
and subsequent farming disrupted the upper section of the record (~0-7.55 ka). The
modern remnant of the lake is an alkaline marsh with a ~1m deep water column that only
exists as a result of basin subsidence due to groundwater pumping, and dries out during
low precipitation years (Lozano-Garcia et al., 1993).

Lake Chalco’s location can provide information on the change in the extent of the
northern migration of the ITCZ and the southward deflection of the winter storm track in
response to changes in global insolation. Cores collected from Lake Chalco in 2016
through the lacustrine sequence and into the underlying basalts will be used to generate a
high-resolution climate record that spans multiple glacial-interglacial cycles.

This study will examine changes in lake level, productivity, and watershed
vegetation recorded by Lake Chalco sediments that are related to changes in mean annual
temperature, mean annual precipitation, and seasonality of precipitation. The proxies
used are total organic carbon (TOC) (%), total organic nitrogen (TN) (%), the ratio of
organic carbon to organic nitrogen (C/N), and carbon and nitrogen stable isotope ratios
(8"°C and 8"°N) (%o) of organic matter (OM). In comparison with sediment lithology,

these proxies can help identify changes in the paleo-lake environment related to changes
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in regional climate over the 3-4 glacial cycles hypothesized to be present in the Chalco
record.
3. Methods
3.1. Drilling, composite core, and dating

The MexiDrill Scientific Drilling Program collected three long cores and a fourth
shallow core from Lake Chalco during February-April 2016. The site was identified as
the lake depocenter through geophysical surveys (Figure 3). Drilling at the lake
depocenter increased the likelihood of collecting the full lacustrine sequence and
minimized the amount of allochthonous organic matter in the sediments, making them
more useful for discerning changes in lake productivity. Staff from the Continental
Scientific Drilling Coordination Office (CSDCO), the National Lacustrine Core Facility
at the University of Minnesota (LacCore), and members of the MexiDrill research team
facilitated the drilling, core handling, curation and field data collection (Figure 4). The
International Continental Scientific Drilling Program (ICDP), the National Autonomous
University of Mexico (UNAM), and the National Science Foundation (NSF) funded the

drilling project. Three deep overlapping cores spanning ~280 meters of lacustrine

98°58.9'W 98°58.3'W 98°57.7'W 98°57.1'W 98°56.6'W
sediments and ~250 meters of . 200
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Q)
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collected using wireline diamond
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bit drilling. In addition, a short

~
o

98°58.9'W 98°58.3'W 98°57.7'W 98°57.1'W 98°56.6'W

)

core collected sediments from the

Figure 3. Estimate of sediment thickness from passive

upper 20 meters of the lacustrine seismic data (H/V spectra). Star denotes drilling location.
Modified from Lozano-Garcia et al., 2017.
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sequence using a Usinger coring apparatus. Core segments were split, photographed,
described and stored at LacCore. Unfortunately, drilling disturbance affected 40.40
meters of the core (from 95.01 to 54.71 m) and this interval was not sampled for bulk
OM chemistry. Segments from the earlier cores collected in 2008 and 2011 by

researchers at UNAM will be used to fill in this section of the record.

i S

A composite

lacustrine sequence was

~ constructed from the four
| cores by visually matching
| stratigraphy, and
correlating density and
magnetic susceptibility.
Mona Stockhecke at the
Figure 4. Drill rig at Lake Chalco. Photo courtesy of Peter Fawcett. | arge Lakes Observatory at
the University of Minnesota Duluth and Blas Valero Garcés at the Instituto Pirenaico de
Ecologia completed core stratigraphy, preliminary sedimentology and composite core
construction. Preliminary '*C dating and age modeling for the upper section of the
composite core was completed by Maarten Blaauw at Queen’s University Belfast, UK,
providing a numerical age chronology back to ~42 ka. There are numerous potassium-
bearing tephras in the composite core, which provide the potential for multiple precise
Argon-Argon (Ar-Ar) age estimates. Once the Ar-Ar dating is complete, the results for
samples older than ~42 ka will be examined by age. Samples collected from the core

segments were shipped to the University of New Mexico for bulk organic matter analysis.
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3.2. Sample preparation and analysis

The individual samples here are taken from ~3 cm-long sections within the core
and the average sampling interval is ~0.40 m. The samples were dried in a 70°C oven for
at least 12 hours, powdered and homogenized using an agate mortar and pestle, and then
dried at the same temperature for an additional 12 hours. The dry samples were then
prepared for analysis.

For carbon analysis, the samples were weighed into silver capsules, with masses
ranging from 2 mg to 10 mg depending on color and lithology used as estimates for total
organic carbon content. The silver capsules were then fumigated with 6N Hydrochloric
acid (HCI) gas for at least 12 hours. Then the samples were treated with 1-2 drops of
70°C liquid 6N HCI to remove any remaining inorganic carbon, including possible
siderite (FeCOs) (as per Larson et al., 2008). The samples were then left to air dry for at
least 24 hours. Each capsule was then re-wrapped in a tin capsule to ensure complete
combustion at a higher temperature during analysis. The samples were then analyzed
using a Thermo Scientific Delta V mass spectrometer with a dual inlet and Conflo IV
interface connected to a Costech 4010 elemental analyzer in the Center for Stable
Isotopes at the University of New Mexico.

Carbon and nitrogen analysis was done separately because most of the samples
contain significantly less nitrogen than carbon and a much larger amount of the sample
was needed to record accurate 8'°N results. This large mass decreases the likelihood of
complete inorganic carbon removal from the samples, which is necessary to analyze
organic carbon chemistry. In addition, a study by Harris et al. (2001) suggested that

treatment of soils by HCI fumigation to remove inorganic carbon decreased the total
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nitrogen content and increased the '°N value of one of their samples. A study from
Larson et al. (2008) found similar results and suggested that the shift to higher 8"°N
values indicates that the HCI treatment releases volatile nitrogen (N,) or NH;+ (gas). By
analyzing carbon and nitrogen separately, the nitrogen samples are untreated, avoiding
this problem.

The amount of sample used for nitrogen analysis depended on the initial
amplitude of the nitrogen data collected with the carbon results. The amount of each
sample was then increased to the mass required to generate accurate 8'°N results. The
samples were weighed directly into tin capsules for analysis without additional treatment.

The TOC (%) and TN (%) of each sample was calculated using a high organic
matter sediment standard with known TOC, TN, 8"C, and §"°N values relative to
international standards. The TOC and TN values were then used to calculate the C/N

ratio. The 8"°C and 8"°N values of each sample were calculated using the equation

R
83C or 8°N (%o) = (R = — 1) X 1000

std

where Ry is the measured ratio of the abundance of the heavy isotope to the light isotope
of the sample and Ry is the ratio of the abundance of the heavy isotope to the light
isotope of the standard. Here, carbon isotope ratio results are presented relative to the
international standard Vienna Pee Dee Belemnite (VPDB) and nitrogen isotope ratio
results are presented relative to the international standard AIR. The standard deviation for

isotope analyses in this study is ~+0.02%o.
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4. Results
4.1. General Results

The results for the MexiDrill composite core are divided into two sections. The
uppermost sediments (46.37-2.71 m) that have good numerical age constraints from
radiocarbon dating and identification of known tephras are plotted by age. Deeper
sediments (246.03-46.37 m) that do not currently have good age constraints are plotted
by depth. In Lake Chalco, sediment types vary significantly from carbonate-rich muds to
organic-rich silts and peaty material. For full lithology descriptions, see Table 1 and
Table 2. Individual results for each sample are in Appendix 1. The full range of values for
carbon isotope ratios of OM and C/N results are broken out by lithology (Figures 5-7)
with published ranges for different organic matter sources (lacustrine algae, macrophytes,
and terrestrial C3 and C4 plants). Carbon and nitrogen isotope ratios of OM results are
also plotted by lithology (Figures 8-10). Results suggest lithologic facies and bulk OM
results correspond well.

The banded carbonate samples consist of beds of autochthonous carbonate
minerals, Phacotus, and ostracod shells. Some of the samples contain etched diatoms,
indicating they are associated with periods of high pH. In addition, Phacotus only occur
at pH > 8.3 (Schlegel et al., 1998) suggesting that some banded carbonate samples
formed in alkaline, carbonate-saturated lake conditions. These sediments likely represent
a shallower alkaline or brackish lake environment with carbonate precipitation and high
biogenic productivity. The OM in the banded carbonate samples have a large range in
8"°C values (~ -30 to -10%o) that most likely reflects periods with higher or lower

productivity and/or pH. Relatively low C/N values suggest OM in these samples is
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composed of algal and macrophyte-sourced material, with little C3 plant material present
(Figure 5). The R*value for the trend line from Figure 8 (not plotted) is 0.53, suggesting
the carbon and nitrogen isotope ratios of OM in these samples are partially correlated.
This may be the result of similar direction fractionations in both proxies at high pH,
where high pH can lead to higher 8"°C and 5"°N values.

The silty clay sediments appear to represent conditions when the lake was
experiencing low productivity and/or high siliciclastic deposition. These sediments
consist of beds of light grey silty clay and record a lake environment dominated by fine
clastic input. The TOC values of these samples are generally low (~0.20-6%), indicating
clastic deposition overwhelmed organic matter deposition. This could be the result of
watershed disturbance, such as high fire activity or volcanism. The relatively high §"°C
values (~ -20 to -11%o) for the OM of the silty clays suggest that they represent periods of
low dissolved CO; in the epilimnion, possibly due to high lake pH when HCO;5
dominates dissolved inorganic carbon. Inorganic proxies such high charcoal content
could indicate if these sediments are indeed the result of fire-induced watershed
disturbance. The R? value for the trend line from Figure 8 (not plotted) is 0.32 and
indicates the carbon and nitrogen isotope ratios of OM are not well correlated for silty
clays and are likely controlled by different processes.

The sediments in the banded diatomaceous facies consist of bedded diatomaceous
silty clay intercalated with siliciclastic-rich 2-5 mm thick clay beds. These sediments
record a deeper lake environment dominated by diatoms and fine clastic deposition. The
thin siliciclastic beds likely represent flood events transporting material from the

watershed or the littoral zone into the depocenter. The banded diatomaceous samples
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have an extremely wide range of both 5"°C values (~ -27 to -14%o0) and C/N values (~5-
28) (Figure 9), most likely reflecting changes in productivity within this lithologic
classification and variable amounts of both macrophyte and terrestrial C3 plant material.
Indeed, the R* value from Figure 9 (not plotted) is 0.01 and indicates there is no
correlation between carbon and nitrogen isotope ratios of OM in these samples. Different
processes are likely controlling carbon and nitrogen isotope ratios of OM in these
samples.

The laminated diatomaceous sediments consist of couplets, possibly varves, of
light diatomaceous bands formed by blooms during the summer and darker silty bands
deposited in the winter. The couplets formed in a lake experiencing seasonal stratification
and hypolimnion anoxia (Garcés, B.V. and M. Stockhecke et al., in prep.), suggesting
water depths of at least 6-8 meters (Lewis, 2000). The laminated diatomaceous samples
have a wide range in C/N values (~7-23), but have uniformly lower 8"C values (~ -26 to
-20%o0). The narrow range in the carbon isotope values for these samples suggest they
represent periods with similar lake conditions, when Lake Chalco was deeper, fresher,
and experiencing relatively high seasonal productivity. The R* value from Figure 9 (not
plotted) is 0.02 and indicates there is no correlation between carbon and nitrogen isotope
ratios of OM in these samples. Different processes are likely controlling carbon and
nitrogen isotope ratios of OM in these samples.

The lithology of the organic-rich samples is varied, with some samples consisting
of organic-rich silty clays with sponge spicules, phytoliths, diatoms and terrestrial and
amorphous aquatic matter, and some samples consisting of more peaty plant material.

The peaty samples likely represent a swampy, productive environment during lake low
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stands. The organic-rich sediments have a wide range of C/N values (~6-31), high TOC
(18-47%), and lower 8"°C values (~ -23 to -28%o) (Figure 10). Some of the organic-rich
silty samples may record a small eutrophic lake with higher algal productivity, producing
organic-rich samples with lower C/N values (~6-15). In sharp contrast, some likely peaty
organic-rich samples have much higher C/N values (~18-30), indicating more terrestrial
C3 material is present. The extremely low R” value (~0) from Figure 10 (not plotted)
suggest no correlation between carbon and nitrogen isotope ratios of OM in these
samples. This could possibly be improved by separating the organic-rich samples into
two lithologies, one corresponding to the terrestrial swamp environment, and one
corresponding to the small eutrophic lake environment. Comparing the results from the
C/N and carbon isotope analyses to identified macrofossils could help separate the
organic-rich samples into those from a terrestrial swamp and those from a eutrophic lake

environment.
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Table 1. Lithotypes of carbonate and co-occurring sediments in the Lake Chalco core sections analyzed in this study:
descriptions, depositional processes and environment. Modified from Garcés, B.V. and M. Stockhecke et al., in prep.
Depositional processes and

Lithotype Description .

P P environment
Decimeter-thick beds composed of Shallower alkaline/brackish
autochthonous carbonate minerals environment dominated by carbonate

Carbonate . ) o L
C (Aragonite, Calcite), ostracod shells, few precipitation and high biogenic
banded (Cb) diatoms with etched surfaces, minor productivity with fine carbonate clastic
organic remains and clastic minerals. input from littoral areas.

Shallower alkaline/brackish
environment dominated by carbonate
Carbonate Same as Cb but with mottled silty clay precipitation and high biogenic

mottled (Cm) clasts. productivity. More frequent changes in
lake level and higher littoral input and

reworking processes.

Millimeter-centimeter thick laminae . ..
cler-ee ete Rapid carbonate deposition by

C composed mostly of b1ogeglc or endogenic processes (carbonate
arbonate autochthonous carbonate material. Some ) . . .

. . minerals) or biogenic accumulation
massive (Co) dominated by ostracod shells and (ostracods) in a highly productive
Phacotus. Some are cemented if directly A oo

. system with limited detrital input.
overlaying a v-layer.

. . . . Distal, deep lake environment
Medium to thick beds of light grey silty dominated byI;'me clastic deposition

Silty Clay (Sc clay dominated by silicate minerals with . . L ; .
v ¥ (5¢) var}ilable diatom a}rlld carbonate minerals with low bioproductivity or high clastic
' input due to watershed disturbance.

Fine ash to lapilli pumice beds.
Decimeter to meter thick coarse deposits . .
Volcaniclastic (from pebble to sand size) composed of Reworked or fa!lout volf:aglc deppsﬂs.

Volcanoclastic deposits including

V) volcanic rock fragments and volcanic roclastic flows and lahars
material matrix. Massive, banded and py ’

with cross laminated structures.




Table 2. Lithotypes of organic-rich and diatomaceous sediments in the Lake Chalco core sections analyzed in this study:
descriptions, depositional processes and environment. Modified from Garcés, B.V. and M. Stockhecke et al., in prep.

Lithotype

Description

Depositional
processes and
environment

Organic-rich (O)

Lithotypes range from peaty to organic-rich
silty clays. Organic matter includes sponge
spicules, phytoliths, diatoms as well as
terrestrial and amorphous aquatic organic
matter.

Swamp/wetland to
relatively shallow (and
small) eutrophic lacustrine
environment.

Diatomaceous laminated (DI)

Finely laminated diatomaceous silty clay
with couples of light beige and dark brown
laminae. Light laminae (1-2mm) contain
almost only diatoms, dark laminae (2-5mm)
contain more clastics. Light laminae reflect
deposition during diatom blooms. Dark
laminae reflect baseline deposition in the
distal areas of the lake.

Relatively deep and distal
fresh-water lake
undergoing strong likely
seasonal changes and at
least partly anoxic water
column.

Diatomaceous banded (Db)

Bedded diatomaceous silty clay intercalated
often by grey siliciclastic-rich 2-5 mm thin
clay beds.

Distal, deep lake
environment dominated by
fine clastic and diatom
deposition. Grey layers
deposited during flood
events transporting
material from littoral areas
and/or watershed.

Diatomaceous mottled (Dm)

Diatom-rich clayey silt with speckle of beige
diatom clasts in a relatively homogenous
matrix.

Distal but shallower
environment with redox
fluctuations responsible for
mottling textures.
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Figure 5.8"°C values and C/N ratios of organic matter indicate sources of OM in Lake Chalco carbonate, silty clay, and volcaniclastic sediments.
The ranges of 8 C and C/N values for potential OM sources are from Keely and Sandquist, 1992; Talbot and Johannessen, 1992; Meyers and
Ishiwatari, 1993; Meyers, 1994, Meyers and Lallier-Verges, 1999; Abbott et al., 2000, Talbot and Leerdal, 2000; Filley et al., 2001, Dawson et al.,

2002; Leng and Marshall, 2004, Aichner et al., 2010; Kohn, 2010.
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Figure 6. 8°C values and C/N ratios of organic matter indicate sources of OM in Lake Chalco diatomaceous sediments. The ranges of 8°C and
C/N values for potential OM sources are from Keely and Sandquist, 1992; Talbot and Johannessen, 1992; Meyers and Ishiwatari, 1993; Meyers,
1994, Meyers and Lallier-Verges, 1999, Abbott et al., 2000, Talbot and Leerdal, 2000; Filley et al., 2001; Dawson et al., 2002, Leng and Marshall,

2004, Aichner et al., 2010, Kohn, 2010.
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Figure 7. 8°C values and C/N ratios of organic matter indicate sources of OM in Lake Chalco organic-rich sediments and sediments disturbed by

drilling. The ranges of 5 C and C/N values for potential OM sources are from Keely and Sandquist, 1992; Talbot and Johannessen, 1992; Meyers
and Ishiwatari, 1993; Meyers, 1994, Meyers and Lallier-Verges, 1999; Abbott et al., 2000; Talbot and Leerdal, 2000; Filley et al., 2001; Dawson et

al., 2002; Leng and Marshall, 2004; Aichner et al., 2010; Kohn, 2010.



25

35
A Carbonate banded
(Cb)
30 a O Carbonate massive
(Co)
Carbonate mottled
25 (Cm)
A
Ny _
OSilty clay (Sc)
A
]
e 20 A A
= 0,4
3 O A OVolcaniclastics
2\, AA&
m]
s P A O A A o
5 . mi A AL
~ ]
S O o o
A A [m]
“ o~ AH}‘D ° 45 sgD D%DD DA@m
m]
10 g ga 2 as o A A& A 4
YA oad A0
° g m A A
] A A A Om
A A
o o
5 o P a4
] m]
A
] A A
A O
]
0
-32 -27 -22 -17 -12

Bulk OM 8%3C (%o) vpps

Figure 8. Carbon and nitrogen isotope ratios of OM in Lake Chalco carbonate, silty clay, and volcaniclastic sediments. R’ values for linear
trend lines (not shown) for each sample type are: banded carbonates R*=0.53, massive carbonates R°=0.02, silty clays R°=0.32.
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Figure 9. Carbon and nitrogen isotope ratios of OM in Lake Chalco diatomaceous sediments. R’ values for linear trend lines (not shown) for each
sample type are: laminated diatomaceous R°=0.02, banded diatomaceous R°=0.01.
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Figure 10. Carbon and nitrogen isotope ratios of OM in Lake Chalco organic-rich sediments and sediments disturbed by drilling. R* values for
linear trend lines (not shown) for the organic-rich samples is R*=6.8E-05 (=0).
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Figure 11. Carbon and nitrogen isotope ratios of OM in Lake Chalco sediments from the entire composite core (246.03-2.71 m depth).
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Figure 12. TOC and C/N results from Lake Chalco organic matter for the entire composite core (246.03-2.71 m depth).




4.2. Results for radiocarbon-dated section (~42-7.5 ka; 46.37-2.71 meters)
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Figure 13. Carbon and nitrogen isotope ratios of OM, TOC, C/N, stratigraphy, and interpretation of relative changes in lake water level for the
radiocarbon-dated section of the core (41.91-7.55 kya,; 46.37-2.71m). Insolation data are from Berger, 1992.



4.3. Results with depth (246.03 - 46.37 m)
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Figure 14. Carbon and nitrogen isotope ratios of OM in Lake Chalco sediments and interpretation of relative changes in lake water level
from depth 246.03-150.77 m.
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Figure 15. TOC and C/N results from Lake Chalco organic matter and interpretation of relative changes in lake water level from depth

246.03-150.77 m. TOC for organic-rich sample (35.61%) at 228.20 m not plotted.
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Figure 18. Carbon and nitrogen isotope ratios of OM, TOC and C/N results from Lake Chalco sediments from depth 54.71-46.37 m. These
samples are just below the section of the core that is radiocarbon dated, and are likely in MIS 3.
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S. Discussion
5.1. Interpretations for intervals with numerical age control
5.1.1. MIS 3 (42-29 ka)
5.1.1.i. ~42-38.6 ka

The silty clays in this section of the core (mid-MIS 3) (Figure 13) correspond to a
deeper lake with higher clastic input and/or lower productivity. The sediments are
dominated by silicate minerals with variable diatoms and calcium carbonate minerals
(Garcés, B.V. and M. Stockhecke et al., in prep.). Some samples interspersed with the
silty clays are identified as volcaniclastic or banded carbonate sediments. All of the
samples have higher 8'°C values (-15.10 to -11.04%o). The C/N values of these samples
(8.95-18.86) suggest the OM present is dominantly a mixture of algae and macrophytes,
possibly with small amounts of C3 plant material. Phytoplankton tissue is richer in
nitrogen compared to terrestrial plants, which have higher carbon content due to the
construction of cellulose (Talbot and Johannessen, 1992; Meyers and Ishiwatari, 1993;
Abbott et al., 2000). As a result, the C/N values for algal OM are generally lower (less
than 10-12) than the C/N values for terrestrial vegetation-produced OM (>20) (Talbot and
Johannessen, 1992; Meyers and Ishiwatari, 1993; Meyers, 1994; Meyers and Lallier-
Verges, 1999; Abbott et al., 2000; Talbot and Laerdal, 2000). C/N values between 10-20
are generally considered to represent mixing of algal and terrestrial OM (Talbot and
Lardal, 2000). Macrophytes have C/N values that can range from 7.1-29.6 and can
contribute significant amounts of OM to lake sediments, particularly in shallow marshy

lakes like Chalco (Meyers and Ishiwatari, 1993; Aichner et al., 2010).
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The low TOC values (2.00-6.39%) relative to organic-rich lithologies suggest low
productivity through this section, so the higher 8"°C values are likely not recording higher
productivity. Instead, the higher 8"°C values could be a signal of high pH. The primary
control on 8"°C values of organic carbon in autochthonous OM is the 5"°C value of
inorganic carbon dissolved in the lake water (Meyers, 1994; Hodell and Schelske, 1998;
Abbott et al., 2000; Talbot and Laerdal, 2000). In closed-basin highly evaporative lakes,
the pH can become much more basic. Changes in the form of dissolved inorganic carbon
from CO, to HCOs3' in the hypolimnion at higher pH (>7.4; Stumm and Morgan, 1981)
may cause a switch in the photosynthesis pathway employed by plankton, benthic
organisms, and macrophytes, and may result in higher 8"°C values (Raven, 1970; Talbot
and Johannessen, 1992; Meyers, 2003; Cohen, 2003; Raven et al., 2011).

The nitrogen isotope ratios of OM in these samples are also relatively high (7.08-
12.09%o), which could suggest pH is high. At high pH ammonia volatilizes and
preferentially releases ' N to the atmosphere, generating a strong fractionation (~34%o)
that enriches the remaining inorganic nitrogen pool in '°’N (Talbot and Johannessen,
1992; Talbot and Lerdal, 2000; Cohen, 2003). This can make 8"°N values of OM higher
and could be a possible indicator of a more arid climate at this time, or it could the result
of volcaniclastics affecting lake pH.

July insolation at 15°N is higher during MIS 3 relative to MIS 2 (Figure 13).
However, MIS 3 is not considered a full interglacial period and the ITCZ was likely
located further south, keeping precipitation lower at Lake Chalco. Evaporation may have
exceeded precipitation during this period, resulting in an alkaline lake and inorganic

carbonate precipitation. Indeed, the banded carbonate sediments interspersed in this
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section correspond to periods of lower lake level with brackish alkaline water and higher
pH. A study by Torres-Rodriguez et al. (2015) found high fire activity at Lake Chalco
during MIS 3 that corresponds to a peak in spring insolation. A 2019 study by Caballero
et al. of diatoms in a previously-collected Lake Chalco core found that the lake reached
hyposaline conditions during MIS 3 (~35 ka) and experienced drought-controlled high
frequency lake level oscillations. More information from other proxies, such as diatom
species identification or Ti/Ca from scanning XRF, could clarify if the silty clay
sediments record a climatic or volcanic signal.
5.1.1.ii. ~36-29.2 ka

The carbonate-rich muds from 36-33.3 ka (Figure 13) correspond to a shallower
alkaline brackish lake with higher biogenic productivity. The lower C/N (11.60-19.33)
and 8"°C values (-21.00 to -19.55%o) suggest the organic matter is primarily algal with
possibly some C3 terrestrial vegetation and macrophyte components (Talbot and
Johanessen, 1992; Meyers and Ishiwatari, 1993; Meyers, 1994; Meyers and Lallier-
Verges, 1999; Abbott et al., 2000; Talbot and Laerdal, 2000). The lower 8"3C values
suggest the lake is fresher and pH is lower in this section of the core than in the previous
section. TOC values (2.52-4.88) are not significantly higher than the silty clays and
banded carbonates deposited earlier in MIS 3, suggesting productivity in the lake is
relatively low.

Higher 8"°N values (9.98-14.51%o) suggest Lake Chalco was likely seasonally
stratified. If the lake is stratified in summer during the primary season of productivity, the
hypolimnion often becomes oxygen-depleted or anoxic. The denitrification part of the

lake nitrogen cycle takes place in this anoxic water. An increase in the size of the
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hypolimnion promotes more denitrification which causes the 8'°N OM sediment values
to become higher over time (Talbot and Johannessen, 1992; Talbot and Lardal, 2000;
Brandes and Devol, 2002; Meyers, 2003). Increased denitrification in a stratified lake
could have resulted in the higher nitrogen isotope values recorded from 36-33.3 ka.

At ~30 ka, the 5"°C values in the banded carbonate sediments increase (Figure
13), resembling the results from samples earlier in MIS 3 (~42-38.5 ka). The higher 8"°C
values (-15.20 to -11.14%o) are likely not a result of high pH or high productivity because
8'°N values are much lower (4.67- 5.31%o) than in any previous time in MIS 3. The C/N
values of these samples (16.30-17.98) are consistent with a mixture of algal productivity,
macrophytes, and C3 vegetation. An increase in macrophyte contribution to OM could
explain the higher 8"°C values and the lower 8"°N values, and is consistent with a
shallower lake. The TOC values are higher (7.17-9.73%), supporting the possibility of
increased macrophyte abundance during this period. Alternatively, stronger summer
stratification could explain the higher 8'"°C values, as organisms preferentially remove
12C from the lake epilimnion (Hodell and Schelske, 1998; Talbot and Lardal, 2000; Leng
and Marshall, 2004). Indeed, an explanation for the lower 8"°N values is an increase in N-
fixing cyanobacteria dominating production in the epilimnion of a stratified Lake Chalco
(Talbot and Johannessen,1992; Hodell and Schelske, 1998; Talbot and Lardal, 2000). In
stratified lakes when nitrate becomes a limiting factor, N-fixing cyanobacteria may
become dominant in the epilimnion. This can produce lower 8"°N values (~0+2%o) that
more closely match the 8"°N value of the atmosphere (~0.00%o) (Talbot and Johannessen,
1992; Hodell and Schelske, 1998; Talbot and Lardal; 2000). The banded carbonate muds

and likely lake stratification suggest that evaporation exceeded precipitation during this
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period. July insolation at 15°N is higher, promoting stronger evaporation. Lake Chalco
remained a lower brackish alkaline lake.

The mottled diatomaceous muds present from 29.5-29.2 ka (Figure 13) record a
higher lake level than the underlying section. These sediments experienced redox
fluctuations that generated mottling during periods of changing stratification regimes.
The changing stratification regimes and sediment oxygenation recorded could indicate an
unstable climate with changing windiness or periods of reduced summer temperatures
that supported year-round mixing. The §"°C values are lower but still remain relatively
high (-16.26 to -15.21%o), possibly suggesting summer stratification driving planktonic
organisms to utilize more Bc (Hodell and Schelske, 1998; Talbot and Lardal, 2000;
Leng and Marshall, 2004). The C/N values (13.13-15.42) suggest that the primary source
of OM is algae or macrophytes. The 8'°N values are higher (7.43-8.38%o) than the values
for the underlying carbonate muds, and may be the result of less-persistant stratification
and increased utilization of '’N by planktonic organisms (Talbot and Johannessen, 1992;
Talbot and Lardal, 2000; Brandes and Devol, 2002; Meyers, 2003).

These sediments are indicative of a deeper lake environment and suggest that
precipitation increased in relation to evaporation during this period. A decrease in global
temperatures into MIS 2 reduced evaporation, leading to a higher lake level. If annual
precipitation remained similar to earlier in MIS 3, but mean annual temperatures
decreased, this could alter the hydrologic balance in the catchment by reducing

evaporation, and result in a deeper lake.
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5.1.2. MIS 2 (29-11.7 ka)
5.1.2.i. 26.5-19 ka: glacial period and Last Glacial Maximum

The banded diatomaceous muds from 26.5-23.3 ka (Figure 13) record a deeper
lake with occasional flood events represented by gray sediments washed in from the
watershed or the littoral zone. These samples have periods of both higher (-16.08 to -
14.11%o; 26.4-24.9 ka) and lower 8'"°C values (-24.17 to -19.92%o; 24.4-23.3 ka). The
higher 8"°C values of the earlier samples (26.4-24.9 ka) may record periods of high
productivity and summer stratification, resulting in more *C sequestered in the sediments
and phytoplankton taking in more "°C in the epilimnion (Hodell and Schelske, 1998;
Talbot and Leardal, 2000; Leng and Marshall, 2004). The lower OM 8"°C values of the
later samples (24.4-23.3 ka) may correspond to periods of increased mixing that
remineralized isotopically-light carbon from the hypolimnion (Cohen, 2003). The C/N
values of both groups of banded diatomaceous samples are similar (13.39-17.89) and
suggest OM is composed of algal, macrophyte and C3 plant material.

The nitrogen isotope ratios of OM decrease stepwise through this section from
~8%o to 3.3%o. The reason for this trend is unclear at this time. One possible explanation
is increasing amounts of macrophyte and C3 plant material and decreasing amounts of
algal material in the lake sediments, suggesting lake level may have been gradually
decreasing over this period. The climate was likely cooler with reduced lake evaporation.
July insolation at 15°N declined until ~23 ka, reducing evaporation and probably
producing lower annual temperatures. Global temperatures were also lower to due

reduced atmospheric CO; (Clark et al., 2009).
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The LGM (~22-19 ka) is characterized by organic-rich sediments (Figure 13) that
contain sponge spicules, phytoliths, diatoms and terrestrial and amorphous aquatic
organic matter (Garcés, B.V. and M. Stockhecke et al., in prep.). These sediments can be
peaty or organic-rich silty clays, which suggest a drier, swampy environment rather than
a deep lake. Some of the samples from this section have remarkably low 8"°C values (-
26.91 to -25.31%0). They have the highest TOC (15.21-46.78%) and C/N values (17.83-
30.39) in the core analyzed so far. This, combined with the low 5'"°C values, suggests the
primary source of OM is terrestrial C3 plant material (Talbot and Johannessen, 1992;
Meyers and Ishiwatari, 1993; Meyers, 1994; Meyers and Lallier-Verges, 1999; Abbott et
al., 2000; Talbot and Laerdal, 2000; Filley et al., 2001; Dawson et al, 2002; Leng and
Marshall, 2004; Kohn, 2010). C3 plants use the Calvin-Benson photosynthesis pathway,
in which the enzyme ribulose 1,5-biphosphate carboxylase (Rubisco) fixes CO,, resulting
in a net discrimination against >C of ~27-29%o. This produces organic carbon with 8'"°C
values between -20%o and -37%o (Talbot and Johannessen, 1992; Meyers and Ishiwatari,
1993; Meyers, 1994; Filley et al., 2001; Dawson et al., 2002; Leng and Marshall, 2004;
Kohn, 2010). In addition, the low 8'°N values indicate that there is a significant amount
of terrestrial plant material in these samples (~0 %o). The bulk OM proxies all support the
conclusion that these sediments represent a shallow swamp environment.

Lake Chalco appears to have been lower during the LGM, suggesting there was a
decrease in precipitation in the Basin of Mexico during this time. Reduced summer
precipitation due to low Northern Hemisphere insolation and the southward displacement
of the ITCZ likely generated less annual precipitation. However, the swamp environment

indicates the water table was relatively high. Cooler temperatures (up to 4°-5°C cooler),
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as suggested by Caballero et al. (2019), and reduced evaporation could have supported a
swamp environment at Lake Chalco despite reduced precipitation.

The low lake level indicates that winter precipitation did not increase
significantly during MIS 2. This suggests the winter storm track, while located further
south than the modern position, did not reach far enough south to dramatically increase
the number of winter storms in the Basin of Mexico. This contrasts with the recent
studies at Peten Itza (e.g. Anselmetti et al., 2006; Hodell et al., 2008; Bush et al., 2009),
signifying Chalco and Peten Itza do not necessarily experience the same climate
phenomena through the Quaternary.
5.1.2.ii. 19-11.7 ka: deglacial

The organic-rich sediments continue into the deglacial period (~19-11.7 ka)
(Figure 13). Some of the results from these organic-rich samples resemble results from
similar samples earlier in MIS 2, with high C/N values (23.78-27.12), lower 8"°C values
(-26.94 to -26.55%0), and lower 8"°N values (1.63-1.72%o). These samples record a
swampy environment with higher amounts of incoming terrestrial C3 plant OM.
However, some organic-rich sediments have lower C/N values (7.13-20.97). They still
have lower 8'°C values (-26.21 to -18.60%o), but the lower C/N values suggest they
contain more algal and/or macrophyte OM. These samples may be from a shallow
eutrophic lake environment, rather than a swamp. This suggest that during the deglacial
period, Lake Chalco shifted between a largely-terrestrial swamp and a small eutrophic
lake. Both environments suggest lake levels remained low during most of the deglacial

period.
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Two banded diatomaceous samples from the end of MIS 2 (17 ka and 14.9 ka)
(Figure 13) suggest a higher lake level. These samples also have the lowest OM §'"°N
values of any samples analyzed so far. This could be a result of a sudden increase in lake
level liberating isotopically-light nitrogen from surrounding soils (e.g. Talbot and Lerdal,
2000). The higher lake level could be the result of melting glaciers on Iztaccihuatl and
Popopcatepetl generating more runoff into Lake Chalco as insolation increased into the
Holocene (MIS 1).

A sample at ~12.2 ka, within the Young Dryas (~12.8-11.7 ka), is organic-rich
(Figure 13). This sample has a much higher §"°C value than the proceeding organic-rich
samples, suggesting it may come from a eutrophic lake environment rather than a swamp.
The onset of eutrophication can cause the §"°C value to become higher because it speeds
up the rate of '>C removal by photosynthesizing phytoplankton that is then sequestered in
the sediment when phytoplankton die (Talbot and Leardal, 2000; Meyers, 2003). The
dissolved inorganic carbon pool in the epilimnion becomes more enriched in "°C and
organic carbon in phytoplankton tissues have higher 8'"°C values as a result (Hodell and
Schelske, 1998; Talbot and Lerdal; 2000; Filley et al., 2001; Meyers, 2003). This suggest
lake level decreased again before the Holocene (MIS 1).

5.1.3 MIS 1: early Holocene (11.7-7.5 ka)

Sampling is sparse through this section. A silty clay sample at 11.2 ka (Figure 13)
indicates the lake level increased and clastic deposition overwhelmed OM deposition in
the lake sediment. This sample has an unusually high §'"°C value (-6.36 %), suggesting it
may have inorganic carbon contamination. The remaining samples though this section

consist of a sample disturbed by drilling (9.40 ka), a volcaniclastic sample (8.56 ka), and
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an organic-rich sample (7.55 ka). The organic-rich sample suggests the lake returned to
lower levels during the early Holocene. The C/N value (19.98) suggest the OM in this
sample is primarily composed of algal and macrophyte material with possibly some C3
plant component. The lower 8"C value (-24.41%o) and lower 5"°N value (2.89%o) support
the conclusion that the sample represents a productive swampy environment. The high
July insolation at 15°N at ~11 ka could have led to increased evaporation and a lower
lake level. However, the swampy environment suggests the water table was still high or
rainfall increased as warmer annual temperatures moved the northern extent of the ITCZ
further north during the early Holocene. More sampling could clarify lake level changes
during the Holocene.
5.2. Interpretations with depth

The samples interpreted by depth are those which are older than the radiocarbon
age dating limit (here older than ~42 ka). They are divided into sections using the
lithologic classifications of the samples (see Table 1 and Table 2).
5.2.1. 246.03-203.82 meters

The sample interval through the deepest section of the core is sparse, limiting
interpretation. Preliminary lithology characterization and bulk OM proxy results suggest
there are large fluctuations in lake level between a relatively deep, seasonally-stratified
water column and a low-water swampy environment. The deepest samples analyzed are
laminated diatomaceous muds (Figure 14). In order to form these sediments, Lake Chalco
must have been a fairly deep (~6-8 m water depth; Lewis, 2000) fresh water lake

experiencing strong seasonal stratification and hypolimnion anoxia (Garcés, B.V. and M.
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Stockhecke et al., in prep.). These samples have lower 8'°C values (~24%o) (Figure 14)
and lower C/N values (10-13) (Figure 15), suggesting they contain primarily algal OM.

The next samples analyzed in the section (~228-229 m) are organic-rich (Figure
14) and most likely correspond to a shallow-water swampy or small eutrophic lake
environment. They can be peaty, recording the swampy environment, or silty clays that
formed in a shallow eutrophic lake. The peaty samples record more C3 terrestrially-
dominated OM and the silty clay, eutrophic lake samples record more algal-dominated
OM.

The range in OM proxy values for the samples suggests there is variation among
these samples and that they likely do not represent the same environment. One of the
organic-rich samples has a very high TOC value (~35%) and higher C/N value (~24)
(Figure 15) that suggests it contains abundant terrestrial C3 plant material. This sample is
likely from a swampy environment. The remaining two organic-rich samples have much
lower TOC values (0.96%, 5.12%) and low C/N values (10.49, 14.31) (Figure 15) that
suggest they contain mostly algal OM. They may represent a small eutrophic lake
environment with high algal productivity, rather than a swampy environment with
significant terrestrial C3 input. These organic-rich samples may record an older full
glacial period, based on their similarities to LGM samples from MIS 2 (~22-19 kya; core
depth 10.3-6 m).

Above this, Lake Chalco returns to higher lake levels, but with sparse sample
analysis, the exact depth of this transition in the core is unclear. Diatomaceous banded
muds are present at ~237 m depth (Figure 14). The sediment consists of diatomaceous

silty clay intercalated with siliciclastic-rich sediments corresponding to a relatively deep
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lake dominated by diatom and fine clastic deposition (Garcés, B.V. and M. Stockhecke et
al., in prep.). The samples in this section have low C/N (~11-16) (Figure 15) and §"°C
values (-19%o to -22%o) (Figure 14) that suggest OM is dominated by algal production.
Samples at ~206 m are laminated diatomaceous muds (Figure 14), suggesting Lake
Chalco at this time was deep and experiencing strong seasonal stratification. The C/N
values (~8-9) (Figure 15) again suggest OM production is dominated by lacustrine algae.
Following this section of core, Lake Chalco appears to transition to a drier environment
with enhanced evaporation resulting in the production of calcium carbonate muds.

5.2.2. 203.82-150.77 meters

Sediments in this section are banded or massive carbonate muds and
volcaniclastic sediments (Figure 14). The banded carbonate sediments can contain
autochthonous calcium carbonate minerals (aragonite or calcite) precipitated from the
water column or calcium carbonate formed by organisms, such as ostracods or Phacotus
(Garcés, B.V. and M. Stockhecke et al., in prep.). They also contain etched diatoms that
suggest higher pH (Garcés, B.V. and M. Stockhecke et al., in prep.). The massive
carbonates consist of mostly biogenic or autochthonous calcium carbonate laminae. Some
are dominated by ostracods or Phacotus, and some precipitated directly over
volcaniclastic layers (Garcés, B.V. and M. Stockhecke et al., in prep.).

The banded and massive carbonate muds from ~204-165 m (Figure 14) likely
represent a relatively shallow alkaline lake with higher evaporation rates. They have a
large range in all the OM proxies (8'°C: -26.19 to -10.01%o, TOC: 0.19-10.53%, C/N:
2.86-21.08, 8"°N: 2.13-30.04%o) (Figure 14, Figure 15), suggesting there are significantly

different lake or watershed conditions within this interval. There is no separation in OM
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results between the banded carbonates and massive carbonates in this section. The range
in results could record different contributions of algal, macrophyte and C3 plant material
in the lake or changes in the strength and duration of summer stratification. The samples
with the highest 8"°C values have the lowest 5'°N values. This could record strong
summer stratification sequestering '>C in the hypolimnion and sediments, and nitrogen
fixing cyanobacteria dominating the epilimnion. Alternatively, more abundant
macrophytes could generate higher carbon isotope ratios and lower nitrogen isotope
rations of OM.

The sediments from ~163-150 m are banded carbonate muds and volcaniclastics
(Figure 14). These sediments are unique in the Chalco core because they have unusually
high 8"°N values (14.10-23.84%o) (Figure 14) and unusually low TOC values (0.22-
0.38%) (Figure 15). Their C/N values are also low (2.16-8.05) (Figure 15) indicating OM
in the samples is algal. The low TOC results suggest in-lake productivity was low relative
to carbonate sedimentation. The high 8'"°N values suggest a higher pH, possibly
generating ammonia volatilization. The volcaniclastic sediments consist of tephra, lapilli,
pebble to sand-sized sediments of volcanic rock fragments and matrix (Garcés, B.V. and
M. Stockhecke et al., in prep.). They are present throughout this section and may have
significantly increased lake pH, as well as impacted vegetation in the surrounding
watershed. The relative influence of volcanic activity and climate on the samples in this
section is difficult to determine at this time, but more inorganic proxies, such as Ti/Ca
and oxygen isotopes from carbonates, could help identify changes in watershed erosion

and changes in precipitation moisture sources.
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5.2.3. 150.77-101.59 meters

The samples from the deepest part of this section (~148 m) are organic-rich muds.
These samples have lower 5"°C values (-28.32 to -25.58%o) (Figure 16), high TOC values
that decrease upwards (25.63-7.19%) and C/N values that decrease upwards (31-14.83)
(Figure 17). The low 8"°C value and the high TOC and C/N values of the first sample
suggest it is dominated by C3 terrestrial vegetation OM. This sample likely represents a
swampy environment (i.e. low lake level) with high amounts of terrestrial organic matter
influx. The younger organic-rich samples in this section have lower TOC and C/N values
that suggest they contain more algal OM. These samples may represent a small eutrophic
lake that likely formed as Lake Chalco transitioned into a deeper water environment. The
organic-rich samples in this section may record an earlier glacial period, similar to what
is observed during the LGM in MIS 2 (~22-19 ka; core depth 6-10.3 m).

The sediments that dominate the section of core above the organic-rich sediments
are laminated and banded diatomaceous muds (Figure 16). These sediments correspond
to a deeper fresher lake experiencing persistent summer stratification (water depth > ~6-8
m; Lewis 2000). C/N (~7-20) (Figure 17) and 8"°C values (-15.04 to -26.34%o) (Figure
16) suggest OM is dominated by algae, possibly with some terrestrial C3 vegetation
component. The higher 3'"°N values (3.84-19.35%o) (Figure 16) suggest relatively high
productivity. The deeper stratified lake indicates more precipitation in the Basin of
Mexico and/or it experienced less evaporation. Seasonal stratification indicates warm
temperatures during the summer. Lower annual temperatures during a period
experiencing strong temperature seasonality could have reduced evaporation, leading to a

higher lake level. Further examination of temperature proxies, such as pollen or
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biomarkers, could clarify the influence of temperature versus increased precipitation
during this period.
5.2.4. 101.59-95.01 meters

In this interval, sediments alternate between banded diatomaceous muds (101-100
m, 95 m) and banded carbonate muds (~96 m) (Figure 16). This suggests variations in in-
lake productivity that may be related to periods of fresher and then more alkaline
brackish water. The banded diatomaceous muds at the beginning of this section have
markedly higher §"°C values (~ -17%o) than the diatomaceous muds in the lower interval
(150-102 m) (Figure 16). This may be due to strong seasonal stratification in a warmer
environment. Indeed, the banded carbonate muds present in most of this section represent
a shallower, more evaporative lake environment likely experiencing higher temperatures.
The higher 8"C values (-19.03 to -15.61%o) and 8"°N values (7.00-11.36%o) (Figure 16)
values of the carbonates suggest a stratified lake with high pH (>7.4; Stumm and
Morgan, 1981) in which plankton must use HCOj;™ for photosynthesis. This period was
likely drier and warm with reduced precipitation. Significant lake evaporation led to a
shallower alkaline lake. The diatomaceous muds sampled just before the gap in the core
(~95 m) represent a deeper, fresher lake. The C/N results (19.04 and 20.67) (Figure 17)
indicate the OM in these samples is likely mainly algal with possibly some C3 plant OM.
This period may have still been warm but increased precipitation could have generated a
higher lake level. Without age control at this depth, it is difficult to know how these
changes in lake level relate to changing global insolation and glacial-interglacial cycles.

The gap in sampling (95.01-54.71 m) in the core occurs after this section.
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5.2.5. 54.71-46.37 meters

This section of core is dominated by banded carbonate muds with higher 8'"°C

values (-18.74 to -11.75%o) and 8"°N values (6.05-16.38%o) (Figure 18). The C/N results
(11.68-16.96) (Figure 18) suggest OM is comprised primarily of algal material with a
possible contribution from macrophytes and/or C3 plants. The lake is likely shallow and
brackish, with periods of stratification during the year. This suggests climate was
warmer, with Chalco experiencing strong evaporation and possibly less precipitation.

6. Conclusions

We can help answer questions concerning the positions of the ITCZ and the mid-
latitude winter jet storm track, and their response to global climate change during the
Quaternary using a long core collected from Lake Chalco, Mexico in 2016 by the
MexiDrill Project. This study employed bulk organic matter proxies, including total
organic carbon, the ratio of total organic carbon/total organic nitrogen, carbon and
nitrogen stable isotope ratios of organic matter, and the lithology of samples to
investigate changes in lake productivity and hydrology. At this time, age constraints exist
for the upper ~42 ka of the core; the remaining older core sections must be interpreted by
sections separated by lithology. Results indicate that different lithologies have distinct
bulk OM properties.

C/N and 8"C results indicate most of the banded carbonate sediments likely
contain algal and macrophyte-sourced OM, and contain little C3 plant organic matter.
These samples likely represent periods of lower lake level during which the lake littoral
zone expanded, providing more habitat for macrophytes. The §"°C and C/N results

suggest a mix of algae and C3 plant material dominates the laminated diatomaceous



52

sediments and a majority of the banded diatomaceous sediments. These samples represent
higher lake levels, when the littoral zone likely decreased, reducing macrophyte
productivity. The 8"°C and C/N results suggest the organic-rich samples represent either
terrestrial swampy environments or a small eutrophic lake.

In the section of the core with age control, changes in lake level appear to
correspond to changes in insolation, and most likely the resulting change in the northern
position of the ITCZ. During early-mid MIS 3 (~42-30.4 ka), the sediments are silty clays
and banded carbonate muds. The silty clays may be the result of watershed disturbance
generated by high fire activity or volcanism. The carbonate sediments likely represent
warmer, more arid periods with high evaporation and/or less precipitation. As MIS 3 is
not a full interglacial period, the ITCZ was likely located further south. Evaporation
remained high and Chalco became a shallow alkaline lake.

Later in MIS 3 (~29 ka), the sediments consist of mottled diatomaceous muds that
indicate the lake was deeper and experiencing changes in mixing regimes resulting in
fluctuations between oxic and anoxic bottom water. These sediments suggest Lake
Chalco experienced reduced evaporation. As global temperatures cooled into MIS 2
evaporation from Lake Chalco likely decreased and, in response, lake level rose.

During mid MIS 2 (~26-23.3), the sediments are banded diatomaceous muds,
suggesting a deeper lake environment. A cooler climate likely decreased evaporation
resulting in a higher lake. The OM proxies suggest the lake was seasonally stratified, with
some periods of increased mixing. The LGM (~22-19 ka) consists of organic-rich
sediments that likely represent a swampy environment. The bulk proxies suggest C3

vegetation dominates OM in these sediments, supporting their interpretation as a largely-
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terrestrial environment. This low lake level suggests reduced precipitation, but the swamp
environment indicates cooler temperatures may have reduced evaporation. The northern
extent of the ITCZ was located further south during this period, reducing precipitation at
Lake Chalco. The winter storm track, deflected south by the Laurentide Ice Sheet during
this time, appears to have been located north of Lake Chalco, and winter precipitation did
not significantly increase in the Basin of Mexico. The higher water table that supported
the swamp environment may be the result of low temperatures and reduced evaporation
due to low insolation and global cooling. Banded diatomaceous samples from the end of
MIS 2 suggest lake level rose during the transition into the Holocene, possibly as a result
of melting glaciers from nearby volcanoes. A sample at ~12.2 ka suggests Chalco was a
small eutrophic lake experiencing high algal productivity during the Younger Dryas, just
before the Holocene.

Sampling in the Holocene is sparse but lake level appears to remain low. The
remaining samples suggest this condition persisted through the early Holocene to 7.55 ka.
The bulk OM proxies suggest these organic-rich sediments are from a swampy
environment. Higher temperatures may have increased evaporation relative to
precipitation, leading to a lower lake level. More sampling through this section could

identify lake changes during the early Holocene.
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Figure 19. Interpretation of relative changes in lake water level and corresponding proposed regional
climate for the Lake Chalco composite core (2.71-246 m depth). Green circles identify proposed
glacial maxima.

Currently, resolution is poor in the older section of the core analyzed here, but
initial results suggest Lake Chalco experienced wetter periods that generated laminated or
banded diatomaceous muds and more evaporative periods forming banded or massive
carbonate muds. The lowest lake periods correspond to organic-rich sediments that
represent a swampy or small eutrophic lake environment. Based on the results from the
radiocarbon-dated section of the core, these swamp sediments may record previous
glacial maxima during MIS 6, MIS 8, MIS 10 or MIS 12 (Figure 19). Without age
control, it is not possible at this time to tie these changes in lake environment to global
climate change or glacial-interglacial cycles. However, the sediments and organic matter
proxy results suggest Lake Chalco records significant environmental changes related to
global insolation and climate change. Understanding natural variability in the ITCZ and

winter storm track positions in the neotropics during the Quaternary is crucial to refine



our understanding of how climate may change in the future as a result of anthropogenic

warming.
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Appendix 1

Table 2
, . 5 5N
Sample Splice Depth (m) Lithology (%60)vrns TOC (%) C/N Yo arm

CHAI?{}}%‘”'I: 271 Organic-rich (O) 24.41 30.54 19.98 2.89
CHAL 66;};30'1011 3.07 Volcaniclastics -10.65 12.89 19.05 1.92
CHAL6-1D-2C-1:0- 3.36 Drilling disturbance 2185 3.97 13.84 3.30
CHALS1D-2C-1: 3.68 Organic-rich (O) -0.34 17.14 2371 1.00
CHALS 1D-2C-1: 4.00 Silty clay (Sc) -6.36 12.33 17.40 177
CHALS IO 2C 4.32 Organic-rich (O) -11.40 13.76 14.29 2.30
CHAL DG 533 Diatomaceous banded (Db) 2122 1.41 5.70 -0.22
CHALS ID-3C-H: 5.65 Organic-rich (O) -18.60 5.37 7.13 0.03
CHALSAD-3C: 5.94 Drilling disturbance -26.55 40.86 2378 1.20
CHAL6-1D-3C-2:0- 6.02 Organic-rich (O) 26.54 45.46 25.86 122
CHALGID3C-2: 6.34 Organic-rich (O) -26.94 4421 27.12 1.29
CHALGADC-2: 6.66 Diatomaceous banded (Db) [18.22 15.17 16.97 0.91
CHAL 96;;39-3021 6.98 Organic-rich (O) -26.21 15.21 17.83 1.28
CHAL 36;;35-4011 7.44 Organic-rich (O) -25.31 20.28 20.28 1.90
CHAI 664}62'4011 7.76 Volcaniclastics -21.02 17.39 19.76 3.12
CHALS D41 8.05 Volcaniclastics 2633 30.90 25.92 1.02
CHAI&};“C‘Z: 9.09 Organic-rich (O) 26.54 29.63 25.69 2.27
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, . 5°C 8"°N
Sample Splice Depth (m) Lithology (%oo)vrns TOC (%) C/N o) arm
CHAI?;;%'SC‘L 9.41 Organic-rich (O) -26.51 38.97 30.39 1.83
CHA16-1PO-5C-2¢ 8- 10.27 Organic-rich (O) -26.21 8.86 19.18 8.06
CHALG1D-3C-2: 10.51 Organic-rich (O) 2691 46.78 3027 2.80
CHALSAD-6C-1: 1181 Diatomaceous banded (Db) 2036 9.48 14.67 327
CHA 1962'};35'601 : 12.09 Diatomaceous banded (Db) -19.92 5.62 13.39 5.09
CHA 1664-1}62-602: 12.90 Diatomaceous banded (Db) -20.18 6.35 16.44 6.77
CHALS D02 13.18 Diatomaceous banded (Db) 24.17 13.88 17.86 3.77
CHA 196(;}9133'701 : 14.02 Diatomaceous banded (Db) -15.35 5.30 15.38 6.96
CHA16'“§'7C'21 3 1427 Diatomaceous banded (Db) -14.11 3.65 16.35 8.68
CHALG1D-7C-2: 14.56 Volcaniclastics 1155 5.61 14.86 7.06
CHAI&}BJC‘Z 14.88 Volcaniclastics 115.13 7.06 15.28 5.51
CHALOAD7C-2: 15.11 Volcaniclastics 17.42 3.72 13.65 10.86
CHA 1963'}9'%'801 : 16.23 Diatomaceous banded (Db) -15.76 7.13 17.68 7.42
CHALG-AD-8C-2:3- 16.44 Diatomaceous banded (Db) -16.08 7.15 16.69 6.12
CHAL 362'};35'802: 16.73 Volcaniclastics -15.53 3.76 15.91 11.30
CHAL 63'21_]335 10C-2: 21.27 Diatomaceous mottled (Dm) -16.26 4.84 14.34 7.43
CHAI%’;E;IOC'Z: 21.59 Diatomaceous mottled (Dm) -15.48 4.43 13.13 7.88
CHA16-1D-10C-2: 21.86 Diatomaceous mottled (Dm) -15.21 3.56 15.42 8.38
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, . 5 5N
Sample Splice Depth (m) Lithology (%60)vrns TOC (%) C/N Yo arm
CHALG ID T 23.34 Carbonate banded (Cb) 1114 9.16 17.98 5.31
CHA16-1D-11C-13:
167 23.66 Carbonate banded (Cb) -12.48 9.73 16.66 5.12

CHAméél_)g'zl 1C-13: 23.91 Carbonate banded (Cb) 11520 7.17 16.70 4.67

CHAIS&}%‘W'L 28.28 Carbonate mottled (Cm) -20.20 4.45 16.30 12.32
CHA16'01_‘§'10Y'1: 28.84 Carbonate banded (Cb) -19.95 3.98 14.48 10.18
CHA163'21_13*;10Y'11 29.16 Volcaniclastics -19.34 4.88 11.60 10.91
CHAI%:_‘;;IOY'I: 29.48 Carbonate banded (Cb) -19.82 4.38 12.80 11.58
CHAI%’;_[;;OY'I: 29.80 Carbonate banded (Cb) -20.02 3.44 16.17 11.08
CHA 1162';_’;110\{'1 : 30.12 Carbonate banded (Cb) -20.32 3.46 18.18 11.18
CHATE AL 3037 Carbonate banded (Cb) 2036 3.48 14.77 10.04
CHAIC A Y 30.69 Carbonate banded (Cb) 21.09 2.77 17.25 12.00
CHAIZ}_‘;I IY-I: 31.01 Carbonate banded (Cb) 2133 2.67 1531 1451
CHAI%’;_‘;; 1Y-1: 31.33 Carbonate banded (Cb) -21.36 2.56 17.14 14.31
CHAIS’;_‘;IIIY'I: 31.65 Carbonate banded (Cb) -21.32 2.79 17.24 11.64
CHATE AL 31.89 Carbonate mottled (Cm) 21.00 2.73 15.87 1131
CHAI%’;_‘;;IZY'I: 32.21 Carbonate banded (Cb) -21.39 2.68 16.34 10.58
CHAI16-1A-12Y-1: 32.53 Carbonate banded (Cb) -22.36 3.11 19.33 9.98

64-67




Table 2. Con’t

68

, . 5 5N
Sample Splice Depth (m) Lithology (%60)vrns TOC (%) C/N Yo arm
CHA169'61_‘3;2Y_1: 32.85 Carbonate banded (Cb) -21.11 2.52 15.92 10.34
CHA 1162';_‘1*5112“1: 33.17 Carbonate banded (Cb) -19.55 431 12.02 12.03
CHALG AL 35.95 Silty clay (Sc) -20.66 481 14.25 12.55
CHALE A Y 36.25 Volcaniclastics 21.59 4.50 19.58 13.03
CHAI%:_?;BY'I: 36.57 Volcaniclastics -19.39 7.02 17.02 11.19
CHA169'61_‘;13Y'12 36.89 Volcaniclastics -20.20 421 17.22 13.99
CHA 1162';_‘1*;13‘{‘1: 37.21 Volcaniclastics -18.89 491 16.39 11.49
CHALE A Y 39.30 Silty clay (Sc) 1132 3.78 11.00 7.08
CHALG LAY 39.62 Silty clay (Sc) 1175 3.54 11.00 10.84
CHALG CATY-: 39.83 Silty clay (Sc) 1181 5.66 15.15 8.55
CHA169-61_1;15Y-12 39.94 Silty clay (Sc) -11.20 3.84 13.92 10.99
CHALG IS 40.11 Silty clay (Sc) 11.92 6.39 17.89 7.23
CHA 1162';_‘?;153{_1: 40.26 Carbonate banded (Cb) -11.94 2.87 12.63 10.56
CHAIS’;_?;fY'l: 40.26 Carbonate banded (Cb) -11.82 2.86 12.83 9.77
CHALG L T 40.47 Carbonate banded (Cb) 11,04 5.14 18.86 13.51
CHALGICC T 40.79 Carbonate banded (Cb) 1163 4.39 16.91 13.26
A Tyt 4111 Silty clay (Sc) -12.48 5.08 11.96 9.55
CHAL6-1A-17Y-1: 42.57 Carbonate banded (Cb) -12.81 6.36 15.39 10.97
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CHALG AT 42.85 Silty clay (Sc) 112,02 3.12 13.90 9.87
CHAI%}_@;”Y‘I: 4321 Volcaniclastics -12.16 5.53 16.62 9.78
CHAL 69'61_‘3; Y- 43.53 Volcaniclastics 1147 2.62 14.43 9.00
CHALE ALY 43.85 Volcaniclastics -13.96 3.27 15.00 8.88
CHALG LA-ISY-1: 44.16 Silty clay (Sc) 112.02 3.72 9.97 9.43
CHALG LA ISY-1: 44.40 Silty clay (Sc) 11235 2.67 8.95 12.09
CHALG LAISY-1: 44.76 Silty clay (Sc) -11.66 2.49 9.46 10.23
CHALG LA 18Y-1: 45.08 Silty clay (Sc) 11223 2.91 12.30 11.94
CHALG ALY 45.40 Silty clay (Sc) 12,92 2.52 11.78 11.90
CHAI6-TA-18Y-1: 45.62 Silty clay (Sc) 11239 2.00 11.33 11.80
150-153
CHALG- LAY 4577 Carbonate banded (Cb) 11,04 5.60 14.29 11.07
CHALG A Y 46.01 Volcaniclastics [13.82 4.52 14.46 1171
CHALO A Y- 46.37 Silty clay (Sc) 11510 4.14 13.26 11.85
CHALG LA oY1 46.69 Silty clay (Sc) -16.01 4.71 15.23 8.41
CHA 1161:_"1*1169Y‘11 46.87 Carbonate banded (Cb) -17.59 3.73 15.00 13.93
CHA 1162';_‘:1193{_1: 47.01 Carbonate banded (Cb) -18.74 3.88 14.04 16.10
CHAIL6-1A-19Y-1: 47.23 Carbonate banded (Cb) -17.87 4.24 11.68 8.84
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CHA16'41_]3'24Y'1: 47.53 Carbonate banded (Cb) -13.57 3.10 15.52 8.96
CHATC- B 24v-1: 47.77 Carbonate banded (Cb) 1331 2.92 16.02 9.10
CHAI%’E;’;MYJ : 48.13 Carbonate banded (Cb) -14.87 1.03 13.46 6.05
CHA169'61_];’;24Y'1: 48.45 Carbonate banded (Cb) -11.75 3.63 14.96 9.95
CHA1162'8 1_]?;214‘{'1: 48.77 Carbonate banded (Cb) -12.08 455 16.05 9.99
CHA16'41_]3'25Y'1: 50.18 Carbonate banded (Cb) -13.18 4.55 15.33 9.97
CHAI%;_];’iZSY'l : 50.42 Carbonate banded (Cb) -15.70 3.86 15.19 10.62
CHALS LB 2511 50.78 Carbonate banded (Cb) -18.39 4.22 14.33 14.85
CHA169'61_];’;25Y'1: 51.10 Carbonate banded (Cb) -16.71 4.23 13.79 15.45
CHA1162-81_]?5215Y-1: 51.42 Carbonate banded (Cb) -17.13 291 12.57 16.38
CHANS B 27 54.57 Carbonate banded (Cb) -16.32 247 14.88 9.09
CHALe B 2T 5471 Carbonate banded (Cb) -16.56 4.51 16.96 8.15
CHA16'01_];"54Y'1: 95.01 Diatomaceous banded (Db) -23.04 8.72 19.04 5.71
CHAI 6’5-61—?;44Y_1 : 95.57 Diatomaceous banded (Db) -24.92 5.91 20.67 16.73
CHA161‘§'41Y_I: 96.38 Carbonate banded (Cb) -17.55 5.88 17.58 7.00
CHAI%‘J_%SOY'L 96.59 Carbonate banded (Cb) -18.05 1.08 17.36 *
CHAIT6-1C-50Y-1: 96.89 Carbonate banded (Cb) -19.03 0.74 17.46 *
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CHA169'61_S§50Y'1: 9721 Carbonate banded (Cb) -16.72 3.90 20.00 7.05
CHA16'21_§_5 IY-1: 97.80 Carbonate banded (Cb) -17.00 4.82 27.59 10.33
CHAlg'zl_S;S 1Y-1: 98.10 Carbonate banded (Cb) -17.26 4.49 23.36 7.78
CHALS 1CSIY-: 98.42 Carbonate banded (Cb) 11697 3.24 30.00 9.08
CHA166'71_‘%42Y_1: 98.61 Carbonate banded (Cb) -15.61 4.22 19.52 10.53
CHALG A2yl 98.90 Carbonate banded (Cb) -15.99 3.68 19.76 10.43
CHA 1162';_‘;‘;23{_1 : 99.22 Carbonate banded (Cb) -16.48 3.16 19.99 11.20
CHA16'01_‘§'42Y_2: 99.34 Carbonate banded (Cb) -16.61 3.36 23.59 11.36
CHALG A4 99.53 Drilling disturbance 1752 3.95 23.15 10.91
CHALE APy 99.85 Drilling disturbance -18.19 5.01 37.52 7.58
CHALG LAY 100.09 Drilling disturbance 1757 2.58 21.65 9.83
CHALG D S5V 100.62 Carbonate banded (Cb) -16.61 3.97 19.77 8.90
CHALO-TBS5Y-H: 100.95 Diatomaceous banded (Db) 1721 4.23 17.18 13.38
CHALG- IB-S3Y-1: 101.27 Diatomaceous banded (Db) 1717 5.05 24.67 8.92
CHALO 1B S3Y-1: 101.59 Diatomaceous banded (Db) 17.17 5.72 2738 9.42
CHAI%}E'SSY'L 101.65 Silty clay (Sc) 24.43 3.89 17.53 15.97
CHALG D S8Y-1: 101.88 Silty clay (Sc) -23.79 5.18 23.62 10.37
CHAL6-1B-58Y-1: 102.20 Diatomaceous banded (Db) -25.44 4.05 22.17 10.23
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CHA169'61_];’;58Y'1: 102.52 Diatomaceous banded (Db) -24.82 5.00 22.63 9.44
CHAI%}_@;%Y‘I: 102.68 Silty clay (Sc) 120.88 4.74 24.56 7.93
CHA1162'81_]E518Y'1: 102.84 Diatomaceous banded (Db) -24.18 3.49 19.41 10.13
CHA 1162';_‘:‘{63{_1: 103.32 Diatomaceous banded (Db) -22.58 3.94 26.63 8.95
CHA166'41_]2;59Y'1: 104.20 Diatomaceous banded (Db) -22.63 4.04 21.36 8.46
CHALG [BSOY-1: 104.61 Diatomaceous banded (Db) 22,19 4.07 2033 8.69
CHAllg-ll_]?é?Y-l: 104.87 Diatomaceous banded (Db) -21.36 6.53 26.65 9.55
CHAIS;P()’fOY'1: 105.75 Diatomaceous banded (Db) -22.90 2.70 16.00 13.66
CHA1162'81_]E610Y'1: 106.05 Diatomaceous banded (Db) -23.23 4.44 19.49 10.94
CHA196;_11C0'056Y'1: 106.28 Diatomaceous banded (Db) -23.16 3.13 16.16 12.68
CHA1162'61_?£596Y'1: 106.57 Diatomaceous banded (Db) -21.00 2.78 16.75 13.43
CHALG | A48 106.72 Diatomaceous banded (Db) 23.02 437 21.66 5.84
CHA163'21_‘;48Y_1: 107.02 Diatomaceous banded (Db) -23.23 4.13 20.73 7.86
CHA166'01_‘2£48Y_1: 107.30 Diatomaceous banded (Db) -22.93 3.42 19.85 7.09
CHALG A4 107.96 Diatomaceous banded (Db) 2478 2.89 16.44 7.85
CHA163'21_‘;49Y_1: 108.28 Diatomaceous banded (Db) -23.16 3.46 16.24 9.67
CHALG LAY 108.60 Diatomaceous banded (Db) 23.62 3.39 16.44 1224
CHALG-1A-49Y-1. 109.24 Diatomaceous laminated (DI) -24.00 2.08 1134 1142

128-131




Table 2. Con’t

73

) . e "N
Sample Splice Depth (m) Lithology (%60)vrns TOC (%) C/N Yo arm

CHAL 6'01_[;'50Y_1 : 109.47 Diatomaceous banded (Db) -24.19 3.38 14.68 9.93
CHAI 63'21_‘;5 0Y-1: 109.79 Diatomaceous banded (Db) -22.99 1.33 10.53 19.35
CHAL 63'21_‘;5 1Y-1: 110.38 Diatomaceous banded (Db) -23.58 3.88 16.19 14.10
CHALS LASTY-I: 110.70 Diatomaceous banded (Db) -23.00 4.02 20.09 8.87
CHALG LA SIY-: 111.02 Diatomaceous banded (Db) -24.05 3.09 16.70 9.80
CHA 1162';_‘;5113{_1 : 111.34 Diatomaceous banded (Db) -23.72 3.62 18.57 9.24
CHALG- LA-52Y-1: 111.63 Diatomaceous banded (Db) 23.19 1.72 14.08 10.53
CHA163_21_‘;52Y_1: 111.91 Diatomaceous banded (Db) -23.71 1.97 15.16 9.01
CHAI 662_‘2;52Y_1 : 112.23 Diatomaceous banded (Db) -22.98 2.63 15.81 8.55
CHA169'61_‘;52Y_1: 112.55 Diatomaceous banded (Db) -23.40 2.61 18.04 6.45
CHAL 6'21_[;'53Y_1 : 113.13 Diatomaceous banded (Db) -23.06 1.94 15.66 9.54
CHAI 63'21_‘;533{_1 : 113.43 Diatomaceous banded (Db) -22.83 2.08 16.10 9.69
CHALO | ASY-L: 113.75 Diatomaceous banded (Db) 2274 173 13.63 10.05
CHAL 69'61_‘3§53Y_1 : 114.07 Diatomaceous banded (Db) -22.15 1.83 15.08 8.90
CHA16'31_]2'67Y'1 : 115.02 Diatomaceous banded (Db) -23.22 3.56 10.91 6.44
CHA12-21_13367Y-1 : 115.31 Diatomaceous banded (Db) -25.04 4.01 17.56 13.36
CHALO- B 67Y-1: 115.59 Silty clay (Sc) -20.53 3.54 12.47 12.20
CHAL6-1B-67Y-1: 115.95 Diatomaceous banded (Db) -24.47 3.84 15.51 13.70

96-99




Table 2. Con’t

74

. ] 813C 815N
Sample Splice Depth (m) Lithology (%o)vpon TOC (%) CN (%0)AIR

CHA 1162‘81_]?;617“1 : 116.27 Diatomaceous banded (Db) -15.04 4.67 21.87 9.10
CHA169‘61_];‘;68Y‘1: 117.48 Diatomaceous laminated (D) -16.94 3.59 2271 10.91

CHA16'1C5'61Y'1: 2- 117.75 Diatomaceous banded (Db) 22,54 1.92 10.49 14.13
CHA 1162;_]?5618Y_1 : 117.80 Diatomaceous banded (Db) -18.99 3.06 20.35 10.62
CHA163‘21_§;61Y‘1: 118.05 Diatomaceous banded (Db) 23.48 3.65 17.21 8.12
CHA1%2_2;56Y‘1 : 118.37 Volcaniclastics 2391 4.82 21.29 9.80
CHA166;‘1_§;61Y‘1 : 118.37 Volcaniclastics -26.00 522 24.20 10.90
CHA169'61_13§56Y‘1 : 118.69 Volcaniclastics 24.10 2.99 17.88 7.67
CHA169'61_S;61Y‘11 118.69 Volcaniclastics -22.99 4.66 20.62 11.46
CHA 1162';_‘;516‘{'1 : 119.01 Volcaniclastics :23.66 4.89 20.96 10.86
CHA 1162‘81_%61”‘1 : 119.01 Volcaniclastics 221.46 3.85 15.72 15.23
CHAI?}QE;@Y_I: 119.13 Diatomaceous banded (Db) -24.70 5.85 21.84 9.55
CHA 1162;_]?;619Y'1 : 119.45 Diatomaceous banded (Db) -24.12 3.96 13.48 10.46
CHA1661’2;57Y_1: 119.96 Diatomaceous banded (Db) -23.33 5.37 21.13 9.06
CHA169'61_‘3§57Y‘1 : 120.28 Volcaniclastics -22.95 5.10 20.17 9.59
CHAIS‘Q_‘;TY‘I: 120.60 Volcaniclastics :23.43 3.99 17.63 6.98
CHA166’41§;64Y_1: 120.97 Diatomaceous laminated (D) -23.26 2.51 15.06 5.52
CHAI6-1C-64Y-1: 121.29 Diatomaceous laminated (D1) -23.36 232 13.59 8.33
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CHALG | A-S8Y-1 121.44 Diatomaceous banded (Db) 2341 3.25 16.38 6.23
CHALC Covt: 121.61 Diatomaceous laminated (DI) -23.56 2.26 14.39 9.03
CHALE A0 121.74 Diatomaceous banded (Db) -22.86 2.68 13.64 5.05
CHAI%:_?;SSY—I: 122.06 Diatomaceous banded (Db) -22.19 2.70 15.71 7.52
CHA169'61_‘;58Y_1: 122.38 Diatomaceous laminated (DI) -23.26 2.65 13.92 9.22
CHALG A 122.70 Diatomaceous laminated (DI) -23.50 4.63 17.24 10.80
CHA16'31_€_67Y_1: 125.43 Diatomaceous laminated (DI) -23.35 1.75 11.30 10.15
CHAI?;;_S;WY_L 125.72 Diatomaceous laminated (D1) -23.49 1.66 12.81 9.29
CHA166'41§;67Y_1 : 126.04 Diatomaceous laminated (D) -23.45 1.65 14.89 7.58
CHALGIC o7 126.36 Diatomaceous laminated (DI) 2347 1.54 14.01 8.17
CHA 11628 1_%617‘{'1 : 126.68 Diatomaceous laminated (DI) 2324 2.07 16.20 8.05
CHA16'41_S_68Y_1: 127.05 Diatomaceous laminated (DI) -23.27 1.95 13.67 10.34
CHAIg’;};’j“YJ: 127.41 Diatomaceous laminated (DI) -26.29 1.96 15.70 9.53
CHA166'41_]2;74Y_1: 127.73 Diatomaceous laminated (D1) -24.89 1.35 11.21 7.65
CHALGIB 741 128.05 Diatomaceous laminated (DI) -24.49 1.46 12.40 8.31
CHA 1162'81_]?;14Y'k 128.37 Diatomaceous laminated (DI) -23.93 1.39 10.37 7.22
CHA16'31_€_70Y_1: 128.64 Diatomaceous laminated (D) -24.81 2.66 16.25 10.86
CHAL6-1C-70Y-1: 128.93 Diatomaceous laminated (DI) -25.97 3.36 18.72 8.11
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CHA166'41_€;70Y_1: 129.25 Diatomaceous laminated (DI) -25.77 3.68 16.82 .77
CHA169'61_S;70Y_1: 129.57 Diatomaceous laminated (DI) -25.43 2.71 16.12 8.42
CHA 11628 1_%710‘{'1 : 129.89 Diatomaceous laminated (DI) 25.60 2.41 15.30 9.99
CHAI&;_?;;OY'L 130.04 Carbonate massive (Co) -25.49 1.86 15.97 8.25
CHA16_31_‘2_63Y_1: 130.22 Diatomaceous laminated (DI) -24.29 2.18 14.63 10.88
CHA163_21§§63Y_1: 130.51 Diatomaceous laminated (DI) -23.88 2.14 14.72 12.85
CHAI%:_?;@Y_I: 130.83 Diatomaceous laminated (DI) -24.56 2.92 16.30 8.92
CHA169_61_‘;’§63Y_1: 131.15 Diatomaceous laminated (D1) -25.39 2.46 14.84 10.22
CHA 1162';_‘;613Y’1: 131.47 Volcaniclastics -25.37 2.77 15.30 11.57
CHA16'31_‘2'64Y_1: 131.77 Diatomaceous laminated (DI) -24.61 3.53 17.55 9.25
CHA163_21§§64Y_1: 132.06 Diatomaceous laminated (DI) -26.30 3.29 16.19 8.59
CHAL 661‘2;64Y_1 : 132.38 Diatomaceous laminated (D1) -25.59 3.23 17.58 10.90
CHA169'61_‘3§64Y_1: 132.70 Diatomaceous laminated (D1) -25.45 2.72 16.82 10.25
CHALG LA SaY-1: 133.02 Diatomaceous laminated (DI) 26.08 3.20 16.71 11.02
CHAI?;_S: 1Y-1: 133.03 Diatomaceous laminated (D]) -25.00 2.64 14.91 10.40
CHA166'41_€;71Y_1: 133.34 Diatomaceous laminated (DI) -25.51 3.07 15.92 9.07
CHA169_61_S§7 1Y-1: 133.66 Diatomaceous laminated (DI) -24.84 2.59 14.62 9.36
CHAL6-1C-71Y-1: 133.98 Diatomaceous laminated (DI) 24.68 3.95 18.89 10.65
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CHA16'11_S'72Y'1 : 134.24 Diatomaceous banded (Db) -24.16 3.12 15.35 9.95
CHALE T2 ! 134.63 Diatomaceous banded (Db) 2332 1.65 13.79 10.38
CHA166'41_€;72Y'1: 134.87 Diatomaceous laminated (D1) -23.20 4.27 16.75 8.93
CHALG1C T2V 134.96 Diatomaceous laminated (DI) 2321 3.53 17.87 8.66
CHA169'61§§72Y'1: 135.19 Diatomaceous laminated (D1) -23.66 3.29 14.79 8.63
CHA166'51_‘2§;69Y_1: 135.40 Diatomaceous banded (Db) -24.00 242 14.45 13.46
CHA 1162-81—?57123{-1 : 135.51 Diatomaceous laminated (DI) -23.90 2.75 15.26 9.99
CHALG 73X 135.75 Silty clay (Sc) 2434 3.15 13.11 10.56
CHAIZ';_S;”Y'L 136.07 Diatomaceous banded (Db) * * * 9.77
CHA16-1C-73Y-1: .

64-67 136.39 Diatomaceous banded (Db) * * * 9.02
CHA169'61§§73Y'1 : 136.71 Diatomaceous banded (Db) -19.22 222 13.35 6.88
CHA 1162'01_%73”‘1 : 136.95 Diatomaceous laminated (DI) 119.69 10.20 37.29 7.91
CHA16'31§‘74Y'1: 136.96 Diatomaceous banded (Db) 25.66 6.89 18.23 10.21
CHAI%:_%;MY'l : 137.57 Diatomaceous laminated (DI) 25.79 4.90 15.69 9.09
CHA169'61_S;74Y'1: 137.89 Diatomaceous banded (Db) -25.57 5.94 17.11 8.25
CHA1162'81_%714Y'1: 138.21 Diatomaceous banded (Db) 2455 478 13.79 7.07
CHAL 6'21_[;'70Y_1 : 139.30 Diatomaceous banded (Db) -24.74 2.00 12.58 8.94
CHAL6-1A-70Y-1: 139.60 Diatomaceous banded (Db) -25.91 2.59 13.19 12.34
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CHAI%:_?;NY_I: 139.92 Diatomaceous banded (Db) -25.46 3.59 13.39 6.56
CHA169_61_‘;’§70Y_1: 140.24 Diatomaceous banded (Db) -23.73 2.59 10.53 6.55
CHALG LA TOYL: 140.56 Diatomaceous banded (Db) 25,57 2.81 10.88 8.61
CHALGLCTTY-I: 140.88 Diatomaceous banded (Db) 2272 2.65 13.26 7.75
CHAI?;;_S;WY_L 141.16 Diatomaceous banded (Db) -22.48 2.09 10.42 11.19
CHA166'41_€;77Y_1: 141.48 Diatomaceous banded (Db) -21.90 3.49 12.49 8.46
CHAIC AT 141.90 Diatomaceous banded (Db) 21.34 3.85 15.21 8.42
CHAI%:_?;HY_I: 142.22 Diatomaceous banded (Db) -22.49 3.39 10.88 4.24
CHA169'61_‘;’§72Y_1: 142.54 Diatomaceous laminated (DI) -23.21 391 11.76 5.53
CHALG LA TOYL: 140.56 Diatomaceous banded (Db) 25,57 2.81 10.88 8.61
CHALG LAY 142.86 Diatomaceous banded (Db) 22,64 1.96 8.97 1.49
CHA16'31_€_76Y_1: 143.13 Diatomaceous laminated (DI) -25.42 3.15 6.65 7.26
CHAI?;;_S;%Y_L 143.42 Diatomaceous laminated (DI) -23.73 3.09 10.48 7.29
CHALG L TOY-1: 143.74 Diatomaceous laminated (DI) 22.84 2.46 9.35 9.66
CHA169'61§§76Y'1 : 144.07 Diatomaceous laminated (D1) -23.25 2.12 7.92 10.58
CHA 1162'81_?;63{'1: 144.39 Diatomaceous laminated (DI) -23.86 1.73 7.65 12.00
CHA16'51_‘2'74Y_1: 144.68 Diatomaceous laminated (DI) -24.81 3.57 9.93 4.74
CHAT6-1A-74Y-1: 145.00 Diatomaceous laminated (DI) -24.14 1.83 8.10 7.38
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CHAI%:_?;MY_I: 145.27 Diatomaceous laminated (DI) -23.95 291 9.60 6.44
CHA169'61_‘3§74Y'1: 145.59 Diatomaceous laminated (D1) -23.43 2.86 8.85 5.97
CHA 1162'51_‘?524Y_ L: 145.88 Diatomaceous laminated (D1) -24.76 2.19 8.69 4.85
CHALG AT 146.30 Diatomaceous banded (Db) 2478 3.02 8.34 5.34
CHALG ICT8Y-1: 146.30 Diatomaceous banded (Db) 2236 3.01 9.85 4.46
CHA163'21_‘;75Y_1: 146.57 Diatomaceous banded (Db) -26.34 3.26 9.26 3.84
CHAT o 146.57 Diatomaceous banded (Db) 2338 3.24 9.47 4.47
CHAIZ}_{;;%Y_I: 146.89 Diatomaceous banded (Db) -26.01 3.46 10.12 5.18
CHALS 1CT8Y-1: 146.89 Diatomaceous banded (Db) 2377 3.12 9.01 4.38
CHALG LA oY1 147.21 Diatomaceous banded (Db) -26.08 4.09 9.06 3.10
CHALGICTEYI: 147.21 Diatomaceous banded (Db) 24.17 2.82 9.94 5.77
CHALG LA TSV 147.53 Diatomaceous banded (Db) 24,85 3.39 9.28 4.85
CHA 1162';_?57183{'1 : 147.53 Diatomaceous banded (Db) -24.00 3.60 9.33 3.51
CHALG- 1270V 147.92 Organic-rich (O) 2759 7.19 14.83 1.58
CHAI%}_?;%Y‘I: 148.50 Organic-rich (O) 28.32 5.10 14.96 6.81
CHAL 69'61_‘;76‘{‘1 : 148.82 Organic-rich (O) 25.58 17.94 26.02 0.72
CHA 1162';_‘1*5716‘{‘1 : 149.14 Organic-rich (O) -28.04 25.63 31.00 2.67
CHAL6-1A-77Y-1: 150.77 Volcaniclastics -24.52 0.20 2.46 17.08
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Sample Splice Depth (m) Lithology 8C (%0) TOC (%) C/N 85N (%o)
CHAI?)'Zl_];’;gSY'l: 150.90 Carbonate banded (Cb) -25.83 0.26 4.17 23.84
CHA166'41_]2;88Y'1: 151.22 Carbonate banded (Cb) -25.43 0.22 3.44 23.59
CHA169'61_];’;88Y'1: 151.54 Carbonate banded (Cb) -25.34 0.27 3.64 18.64
CHALG, [B-85Y-1: 152.13 Carbonate banded (Cb) 25.11 0.29 3.07 17.96
CHAlg-Zl_];,;S9Y-1: 152.42 Carbonate banded (Cb) -25.84 0.25 3.39 20.52
CHA166'41_]2;89Y'1: 152.74 Carbonate banded (Cb) -25.17 0.26 3.18 17.89
CHA165'31_‘;78Y_1: 152.90 Carbonate banded (Cb) -23.86 0.30 5.03 20.15
CHALG AT 153.10 Carbonate banded (Cb) -24.49 0.37 4.01 21.40
CHALE A 153.37 Carbonate banded (Cb) 2435 0.31 3.58 2238
CHAI%:_?;EY_I: 153.69 Carbonate banded (Cb) -24.81 0.27 3.35 19.25
CHA169'61_‘3§79Y_1: 154.01 Carbonate banded (Cb) -24.56 0.31 4.14 21.31
CHA16'51_‘2'80Y_1: 154.33 Carbonate banded (Cb) -24.83 0.35 4.15 22.85
CHA163'21_‘;80Y_1: 154.60 Carbonate banded (Cb) -24.85 0.36 4.07 19.78
CHAI%}_@;SOY‘I: 154.92 Carbonate banded (Cb) 26.32 0.39 6.95 *
CHA169'61_‘3§80Y_1: 155.24 Carbonate banded (Cb) -25.74 0.40 5.19 22.75
CHALG A SOY-1: 155.46 Silty clay (Sc) 25.95 0.27 3.23 19.08
CHA16'01_‘3*'80Y'22 155.75 Volcaniclastics -26.71 0.36 4.11 16.27
CHALG-TA-81Y-1: 155.94 Carbonate banded (Cb) -27.13 0.34 4.81 19.89
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Sample Splice Depth (m) Lithology 8C (%0) TOC (%) C/N 85N (%o)
CHA163'21_‘;81Y_1: 156.23 Carbonate banded (Cb) -24.85 0.32 3.51 17.63
CHAI%:_?;MY_I: 156.55 Carbonate banded (Cb) -24.72 0.34 3.60 18.71
CHAlg-Zl_S;SSY-I: 157.95 Carbonate banded (Cb) -24.26 0.34 3.47 23.20
CHALG LS8V 158.27 Carbonate banded (Cb) 24.19 0.35 3.09 18.53
CHALGIC YT 158.59 Carbonate banded (Cb) 2531 0.28 2.16 16.61
CHA1162'81_?£8Y'1: 158.91 Carbonate banded (Cb) -24.56 0.38 8.05 17.44
CHAI%’:E;QZY'L 159.00 Carbonate banded (Cb) -30.03 0.54 4.70 14.10
CHAL Y ! 159.60 Volcaniclastics -27.09 0.18 2.89 18.42
CHAI%:_%;”Y'L 159.92 Volcaniclastics -27.84 0.18 1.61 16.51
CHA169'61_gé89Y_1: 160.24 Volcaniclastics -27.69 0.19 1.50 12.52
CHALS oYt 160.56 Volcaniclastics -26.70 0.22 3.26 20.74
CHA161-51_11§§-;86Y—1: 161.03 Carbonate banded (Cb) -26.92 0.18 272 16.51
CHA16-01_§-90Y'11 162.07 Volcaniclastics -27.99 0.26 420 *
CHA163'2 1_2;90‘“: 162.39 Volcaniclastics 12747 0.20 3.34 14.05
CHAI%:_%;%Y'L 162.71 Volcaniclastics -26.66 0.22 4.12 *
CHA169'61_S§90Y'1: 163.03 Volcaniclastics 28.43 0.09 418 *
CHA 11628 1_%910‘{'1: 163.35 Volcaniclastics 25.94 0.24 5.62 *
CHALG-1C9TY-1: 164.58 Organic-rich (O) -23.00 0.46 5.36 18.40
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95Y-1

Sample Splice Depth (m) Lithology 8C (%0) TOC (%) C/N 85N (%o)
CHAIG 1C-o2v-1: 165.22 Carbonate banded (Cb) 1737 1.77 13.14 6.06
CHALG IC oY 165.52 Carbonate banded (Cb) -10.01 3.97 15.76 3.69
CHA166'41§;92Y'1: 165.84 Carbonate banded (Cb) -12.91 4.62 13.85 2.13
CHA169'61_S;92Y'1: 166.16 Carbonate banded (Cb) -14.00 4.76 12.59 3.56
CHA1162'81_?é912Y'1: 166.48 Carbonate banded (Cb) -17.37 5.11 11.96 3.1
CHA161'71_‘;(')90Y_1: 166.74 Carbonate banded (Cb) -20.15 5.22 16.93 6.26
CHA16'61_S'93Y'1: 166.90 Carbonate massive (Co) -20.23 137 15.96 11.48
CHAlg-Zl_S;%Y-I: 167.16 Carbonate massive (Co) 226.19 0.19 2.86 12.41
CHALG1C Y 167.66 Volcaniclastics 27.26 0.12 5.05 4.93
CHALS Y 168.04 Volcaniclastics 27.85 0.11 5.08 4.01
CHA169'61_S;94Y'1: 169.31 Carbonate banded (Cb) -20.45 1.61 16.20 6.83
At 169.56 Carbonate massive (Co) 117.02 0.68 10.37 14.41
CHA16'31_§_95Y_1: 169.90 Carbonate massive (Co) -21.85 0.86 10.42 11.34
CHAL > 170.19 Carbonate massive (Co) -20.04 1.04 5.65 11.74
CHALG 1Y 170.42 Carbonate massive (Co) 11926 0.85 7.04 1231
CHALE Ao 171.51 Carbonate massive (Co) -19.07 3.13 17.81 5.63
CHAI%:_?;%Y_I: 171.83 Carbonate banded (Cb) -12.39 2.61 16.28 8.86
MEXI-CHA16-1A- 173.13 Carbonate banded (Cb) -14.80 6.58 20.61 791




Table 2. Con’t

83

Sample Splice Depth (m) Lithology 8C (%0) TOC (%) C/N 85N (%o)
CHAIZ}_‘?&%Y‘I: 173.45 Silty clay (Sc) -15.69 7.86 16.23 3.98
AL Gy YT 181.917 Carbonate banded (Cb) 24.11 521 15.51 11.44
CHALG-IA-102Y-1: 184.061 Carbonate banded (Cb) 25.59 0.04 1.06 *
CHALC LA 02X 185.001 Carbonate banded (Cb) 2278 2.97 12.50 13.22
CHAI%E:‘;‘;OSY'I: 189.662 Carbonate banded (Cb) -24.06 0.83 10.74 30.04
A T 196.935 Carbonate banded (Cb) -14.93 10.53 19.06 4.93
CHAL S 203.819 Carbonate massive (Co) -18.08 2.76 21.08 9.79
CHAI 6;&6_71 16Y-1: 206.099 Diatomaceous laminated (DI) -23.97 4.03 12.79 11.88
CHA16§é_C9-91 15Y-1: 206.709 Diatomaceous laminated (DI) -23.93 3.21 9.86 10.05
CHA16éi_C6'7129Y'1: 228.201 Organic-rich (O) 27.01 35.61 23.68 3.87
CHA16é ;A3 5135Y-1: 229,496 Organic-rich (O) -23.77 0.96 10.49 3.07
CHAI%L‘:}BSY'IZ 229.816 Organic-rich (O) 2571 5.12 1431 5.52
CHALG 1B 40¥-1: 236511 Diatomaceous banded (Db) 2237 4.48 15.68 3.34
CHALG JC Y- 236.801 Diatomaceous banded (Db) 119.48 2.29 11.06 3.87
CHA16éi_C6'7135Y'1: 238.456 Diatomaceous laminated (DI) -18.96 1.83 8.69 3.54
CHA16éi_C6_714OY_1: 246.027 Diatomaceous laminated (DI) -24.42 2.87 9.83 4.11

* Measured amplitude too low to generate accurate results.
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