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8.3.3. Moisture Content And Bulk Density

Variations in the moisture content and bulk density of selected cores from the
Central Basin are given in Table 8.2. At LPE, the lowest 70 cm of the core have a
consistent water content of around 70%. In the upper 100 cm there is a slight increase in
moisture content to 73-81%, with the amount increasing up the core. The water content
of sediments from LP10 is similar to that at LP5 (Table 8.1).

In general, there is a greater amount of water in the upper part of the cores
collected from the Southern Basin. However, as with those cores collected from the
Southern Basin the ostracode-rich and organic sediments tend to have a slightly greater
water content than the clays.

The bulk dens{ty of the sediment is relatively low for all the sediment types. At
LP5 bulk density varies from 0.29 to 0.37 in the bottom part of the core and is even less,

between 0.22 and 0.3 in the upper 100 cm of the core.

8.3.4. Carbonate Content

Determination of the carbonate content of the MC was  performed by ignition
at 1000°C (Saporito, 1975). The results from his analysis are shown in Figure 4.7. In
contrast to results obtained by gasometric measurements in this investigation, Saporito
(1975) recorded peaks of CaCO3 associated with the clay units, while ostracode-rich
sediments displayed relatively low values. Furthermore, he obtained an inverse
relationship between CaCOg3 results and Ca content as determined by atomic
absorption, his carbonate curve appears to be spurious and actually reflects moisture
loss from the lattice of clay minerals at such high temperatures.

In core LP5, there is a noticeable decrease in the CaCO3 content from the base
to the upper part of the core (Fig. 8.3). Between 170 and 189 cm, the CaCOq content is
about 4-8%. It increases sharply at 170 cm, exhibiting a peak of 25% at 163 cm, but

declines markedly above this level. A second, smaller peak is seen at 110 cm. In the



upper 100 cm of this core, CaCOg accounts for less than 5% of the dry weight of the
sediment.

CaCOg is found only in very small amounts in the sediments from LP10.
Between 80 and 190 cm, very little CaCOg was measured. A small peak of CaCOg3 is
seen between 60 and 80 cm, accounting for 13% of the dry weight of the sediment. in
the upper 60 cm, 4-5% CaCOg content is found.

With the exception of LP5 and LP6, the cores from the Central Basin all contain
very small amounts of CaCO3, generally accounting for less than 5% of the dry weight of
the sediment. In all instances higher CaCOg values were recorded on those sediments

rich in ostracodes and/or organic matter.

8.3.5 Loss-on-ignitioh

The organic content of the MC was assessed by Saporito (1975) using loss-on-
ignition at 500 C, High L.O.I levels were found between 256 and 336 cm,these ranging
from 20 to 40 % with a large peak seen between 260 and 270 cm. A marked decrease to
approximately 10 % organic matter occurs at 256 cm which coincides with the boundary
between the gyttja andeu.jThere is a gradual increase in L.O.| to approximately 30% at
167 cm. L.O.l. levels of 10-12% are found between 117 and 167 cm and are associated
with the change to the clay material. With the exception of a large peak (28 %) at
approximately 97 cm coincident with the ostracode rich layer at this point, L.O.l. remains
at approximately 10-11% up core.

LP5 is characterised by L.O.l. values of 15 to 25%. At the base of the core, the
sediments contain approximately 25% organic matter. The measured values decrease to
approximately 15% between 110 and 130 cm, but increase again to 25% at 100 cm. In
the upper 100 cm of the core, there is approximately 15% organic matter within the
Sediments.

Slightly lower L.O.l. values are recorded for LP10. The sediment at the base of

this core contains approximately 15 % organic matter. This increases up the core with a
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peak at 168 cm, coinciding with the ostracode-rich sediments. Above this level, the
measured values generally vary between 10 and 15%, although a second smaller peak
is observed between 60 and 80 cm. In the upper part of the core, organic matter
accounts for approximately 15% of the dry weight of the sediment.

The L.O.l curves from other cores in the Central Basin are similar to those
described for LP10 and the MC: the layers rich in ostracodes generally contain a greater
amount of organic matter than the clay units (Fig. 8.3). LP5 differs in that its L.O.l. is very
high. This probably reflect the fact that this core was taken close to the lake shore in very
shallow water; and thus the content of plant detritus in the sediments may always have

been very high.

8.3.5 Magnetic Susce.ptibility (X)

X was measured for the entire MC. Only the results from the Holocene part of
the core will be given here. At 4.23 m (the Pleistocene/Holocene boundary) a small
peak in X is noted. X levels between 423 and 350 cm are low, being approximately 10-
12 E-06 kg m-3. An increase in Xto 13-14 E-06 kg m3 is noted between 350 and 320
cnﬁ with a further peak of similar magnitude between 260 to 230 cm. An abrupt increase
in X to approximately 500 E-06 kg m-3 occurs at 220 cm remaining at this level until 180
cm with the sediments between 150 and 120 cm having a X of about 20 E-06 kg mS.
In the upper part of the core, two peaks in X are seen (Fig.4.7) The lower forms a sharp
peak with X values of nearly 400 E-06 kg m-3 followed by an equally rapid trough in X.
Xvalues in the upper 97 cm of the core are in the order of 400-500 E-06 kg m3.

With the exception of a small part of the core between 130 and 150 cm
the | sediments at LP5 are characterised by high X values. The peaks in the lowest 30
cm of the core are of a much smaller magnitude than those found above 130 cm. A
sharp increase in X is noted at 130 cm, but it decreasesagain between 100 and 110 cm
prior to returning to high levels and remaining as such up the core.

The X curve for LP10 displays much more distinct peaks. A sharp peak at the
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base of the core, with X values as high as 550 E-06 kg m-3 is followed by relatively low
X levels between 170 and 180 cm. X increases markedly: 160 cm, to levels of around
600 E-06 kg m'3, remaining high until approximately 90 cm. Between 70 and 90 cm X
levels hover around 50-60 E-0€ kg m'3. A gradual increase in X occurs in the upper 60
cm of the core.

It is evident from the X curves of the other six cores taken in the Central Basin
that there are differences in the pattern of variations between sites in this part of the
lake; LP5 and LP6 displaying quite a different record to the other cores. LPG, in
particular, exhibits a considerable number of peaks,many in the bottom part of the core
being of a relatively small magnitude. It is possible that the position of this core near the
shore of the lake means that a much greater period of sediment accumulation is
covered, and that the t‘hree main peaks in the upper part of the core correspond to those
seen at other sites in this part of the basin. In the case of LP5, although there is a
decrease in X at approximately 100 cm it is not as marked as that seen at other cores in
this area. This suggests that sediment input in this part of the basin has been continuous

over the last 3,000 years.

8.3.7. Grain Size

Grain size was measured on three cores from the Central Basin, LP5, LP7 and
LP10. At the base of LP5 the mean grain size is approximately 15)m, increasing to over
20)1m at 140 cm (Fig. 8.3). A decrease in mean grain size, to 8 3pm, occurs between 130
and 140, with a more gradual decrease occurring above 130 cm. In the upper 70 cm is
around Spm.

In contrast the mean grain size for LP7 remain relatively consistent throughout
the core with the exception of 160-170 ¢cm and 60-70 cm where the sediments are
slightly coarser, having a mean grain size of approximately 15}.m.

Variations in the mean grain size of the sediments from LP10 are shown in

Figure 8.3. Like LP7, sediments are very fine, having a mean grain size of about 10)_m.



The coarsest sediments are found at the base of the core and between 60 and 80 cm
where they have a maximum mean grain size of 14}:m. In the upper 60 cm of the core
the mean grain size is between 3 and 7um.

The relationship between mean grain size and stratigraphy is apparent at all the
sites investigated in the Central Basin and confirmed by analyses. In general, the
coarsest sediments tend to be organic or to contain a high amount of ostracodes.
Sediments that have been washed into the basin from the surrounding slopes tend to be

much finer, ranging between 3 and 8.m. A similar relationship was also noted at LP11.

8.3.8 Summary and Interpretation of the Central
Basin Sediments

Unlike the other cores, the MC provides a complete record of the Holocene
sediment accumulation in the Central Basin. X levels at the base of this core indicate a
short-lived period of sediment influx into the lake approximately 9,000 years B.P.
Between 9,000 and approximately 5,000 years ago there appears to have been little
clastic input into the lake. A small peak in X between 330 and 310 cm dates to
approximately 5,000 years B.P. The pollen assemblage from this core segment indicates
a decrease in Alnus which has been interpreted by Watts and Bradbury (1982) as
indicating either a slight shift to drier conditions, or the cutting down of riparian alder by
early settlers in the basin. A small peak in X dating to approximately 3,500 years ago
coincides with the first appearance of maize in the pollen record, indicating the presence
of sedentary agriculture within the basin; this may have triggered erosion within the
basin. The date of this erosional event is almost identical to the date on the oldest
episode recorded at LP11 in the Southern Basin. Disturbance within the basin continued
for approximately 200-400 years, after which time there appears ‘to have been little
sediment entering the lake from the catchment. The sediment which has accumulated
above this disturbance is high in organic matter and exhibits a low X.

A marked change in stratigraphy occurs at 180 cm with a shift from sediments
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rich in organic matter and having a low X to a fine clayey sediment containing little
organic matter and having very high X levels. This evidence clearly indicates a marked
shitt in sediment origin from one dominated by sediments produced by the lake itself to
a situation where sediments are entering the lake from the catchment. A date of 2,890 80
on sediment immediately below this change in stratigraphy is available (Watts and
Bradbury, 1982). Assuming a constant rate of sediment accumulation this would place
the onset of erosion within the basin at approximately 2,500 years ago. A similar date is
recorded on the beginning of sediment accumulation at both LP5 and LP11 in the
Southern Basin, and clearly indicates widespread disturbance within the basin at this
time.

The results of this investigation indicate that over the last 2,500 years sediment
accumulation in this -part of the basin has been dominated by clastic input from the
catchment. Between 120 and 97 cm, however, the sediment record from the MC
indicates a reduction in sediment from the catchment accumulating at this site.:

At no point in the past 2,900 years has there been a cessation in sediment
entering the lake at LPS5, although there is a decrease in X dating to approximately
1,500. This is associated with a layer of ostracode-rich sediments and it is possible that
their presence has ‘diluted’ the mineral magnetic signal and that there has been

continuous disturbance in this part of the basin over the last 3,000 years.

8.4 THE NORTHERN BASIN

Six cores, LP14, LP16, LP17, LP18, LP19, and LP20, which vary in length from
1.24 m to 2.8 m, were collected from the northern part of the lake (Figs. 8.1 and 8.4).
Although a similar stratigraphy was noted at all sites the large quantity of ostracodes
present in LP19 made this core the most suitable for the extraction of material for dating
purposes. In view of this, LP19 has been taken to represent the Northern Basin, and was

analysed in greater detail than the other cores.
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8.4.1. Stratigraphy

A 2.4 m long core was collected at LP19, approximately 1 km from the lake shore
north of the town of Tzintzuntzan. The lake depth at this point was 5 m. The basal unit
comprises 25 cm (215-240 cm)(,)\“’bstracode-rich sediment. This material has a relatively
sity texture and is notably rich in organic and root remains. The concentration of
ostracode shells increasesin the upper part of the unit. These sediments are overiain by
a 59 cm unit (156-215 cm) of smooth, very dark greyish brown (10YR 3/2) clay. A
second ostracode-rich layer is found between 145 and 156 cm. Abundant vegetation
remains are associated with this layer. The upper most unit consists of 145 cm of
smooth unstructured clay, similar in appearance and colour to the underlying clay unit.

There is a remarkable similarity between the stratigraphy at all six sites in this
part of the basin, altho‘ugh there are considerable variations in the thickness of individual
units. LP14, for example, is only 1.24 m in length, but all four units described in LP19 are
present. In general, the lower clay unit is thickest in the north-eastern part of the basin

while the upper unit is most extensive in the western part (Fig. 8.4).

8.4.2 Radiocarbon Dates And Sediment Accumulation Rates

Dates were obtained from the two ostracode-rich sediment layers in LP19.
Ostracodes extracted from 223 cm, at the boundary between the lower ostracode-rich
layer and the lower clay, yielded a date of 2,530t60 years (OaX-2823). Those extracted
from 149-150 cm yielded a date of 88060 years (OaX-2823). Using these dates it is
possible to estimate the sediment-accumulation rate at this site. In the lower part of the
core between 150 and 223 cm, sediment accumulated at a rate of 4.4 cm/100 years. A

marked increase in sedimentation to 16 cm/100 years has occurred in the last 900 years.

8.4.3 Moisture Content And Bulk Density
The moisture content of LP19 varies between 69 and 81%. At the base of the

Core, the sediments contain up to 75% moisture with a slight decrease in the lower of
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the two clay layers. A marked increase in moisture content is noted in the upper clay,
which contains 73-81%, moisture increasing up the core. The results from LP19 are
similar to those measured on other cores in the Northern Basin, with ostracode layers

generally having a greater moisture content than the clay units.

8.5.4 Carbonate Content

In general, the carbonate content of the sediment from LP19 is low (Fig. 8.3). At
the base of this core values of less than 2 % are found. A sharp peak in CaCOg3 to 22%
is observed at 215 cm but this drops to low levels by 210 cm. A second large peak (28%
dry weight) is seen at 145 cm. In the upper part of the core, carbonate content remains
low, and stable, being approximately 2 to 3%. As expected, peaks in carbonate content
correspond to layers ri.ch in ostracodes. Although this pattern is observed at all the sites

in the Northern Basin, the size and magnitude of peaks does vary between sites.

8.4.5. Loss-on-ignition

Only a small amount of organic matter is contained within the sediments at LP19.
At the base of the core L.O.l. ranges from 15 to 20%, It gradually decreases upwards
but is somewhat lower in the clay units than the ostracode-rich sediments. In the upper
clay unit there is approximately 10 to 12% organic matter by dry weight. The amount of
organic material within the sediments at other cores in this region exhibitsa similar
pattern (Fig. 8.3); the clay units having approximately 10 to 12% organic matter while

the ostracode-rich layers generally correspond with peaks in L.O.l. as high as 25%.

8.4.6 Magnetic susceptibility (X)

LP19 is characterised by very high levels of X (Fig. 8.4). At the base of the core X
is low, although a small peak is seen between 215 and 223 cm. An extremely large peak
in X with levels as high as 600 to 700 E-06 kg m-3 is noted between x and x cm and

Corresponds to the lower of the two clay units. X decreases markedly at 150 cm and
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remains low for 10 cm before rising rapidly to even higher levels (800 to 900 E-06 kg m"
3. ‘

The variations in X with depth for the other cores from the northern basin are
remarkably similar to these seen at LP18 (Fig. 8.3). although in no instance does X attain
such high values. The size of individual peaks does vary from site to site, for example ar
LP16 the upper peak is much larger than the lower one, while at LP17 the reverse is
seen. In all cases, however, there is a general up profile increase in X in the case of the

upper most peak (Fig. 8.3).

8.4.7 Grain Size

The sediments in core LP19 are extremely fine and consist predominantly of
clay-sized material (Fi-g. 8.4). Between 240 and 200 cm, there is a gradual decrease in
mean grain size from 14 to S)Jm remaining at the latter level until 160 cm. At this level
there is a marked increase in mean grain size to 17)Jm at 150 cm. The grain size then
decreases again immediately after this before exhibiting a second small peak at 120 cm.
The sediment above this level is extremely fine and in general has a mean grain size of
less than 3})m.
8.4.9 Summary and Interpretation of the Northern

‘Basin Sediments

The-sedimentary record at LP19 covers at least the last 2,600 years. Over this
interval the sediment composition at this site has been dominated by the input of detrital
material from the catchment. At the base of the core there is a unit of silty sediment with
relatively high organic and carbonate content. At 215 cm we observe a change to
sediments dominated by clay which are low in CaCQOg, and organic matter, but display
high X levels. The physical properties of this core indicate that this unit is dominated by
clastic sediment and implies disturbance in the lake catchment at the time of
accumulation. This period of disturbance is bracketed by two dates, 2,530 years B.P.

and 880 years B.P
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A thin ostracode layer accumulated at LP19 at approximately 880 years B.P.
after which time sediments accumulating at this site are dominated by sediment influx
from the basin.

The stratigraphy and physical properties of other cores collected from the
northern part of Lake Patzcuaro all exhibit very similar features. In all cases at least two
episodes of erosion can be inferred, although the amount of accumulation varies at
different sites. In general, however, sediment accumulation has been greatest at those

sites situated in the north east part of the lake.

8.5 SUMMARY AND INTERPRETATION OF THE PHYSICAL PROPERTIES OF THE
LAKE SEDIMENT RECORD

Twenty-one cc;res from Lake Péatzcuaro have been analysed and provide the
basis for determining episodes of disturbance within the catchment. Of the different
stratigraphical units identified, three were recognized at all core sites; a lower clay unit,
an ostracode-rich layer and an upper clay unit. The clays are associated with the two
most recent erosional events within the catchment. Even though it has been possible to
idéntify these three units, differencesin the basic physical properties are noted across the
basin.

In general, cores from the Southern Basin have a higher moisture content than
those collected in the north. The difference is particularly noticeable in the lower of the
two clay units with cores in the south containing about 10% more water. The difference
in moisture content could be due toanumber of factors. The most obvious of these is that
there has been a greater thickness of sediment accumulation in the Northern Basin
causing greater sediment compactior this may have been exacerbated by the greater
depth of water that is also found in the northern part of the lake. -

There are marked variations in the CaCOg content of the sediments in different
parts of the lake, those cores from the Southern Basin having a much greater CaCO3

content than cores from other parts of the lake. The difference in CaCOg content across



the lake is much greater for the lower clay unit than for other stratigraphical units. It is
possible that variations in the CaCOg content are a reflection of productivity within the
lake. This variation in the CaCOg content of sediments from different parts of the lake
may be a reflection of the depth of the lake. The shallow waters in the Southern Basin
allows a greater build up of aquatic vegetation. To enable photosynthesis these plants
need to extract dissolved inorganic carbon from the lake waters; as Lake Patzcuaro has
low levels of dissolved CO» it is necessary for plants . directly\féssimilate bicarbonate.
The net effect of this process is to cause a shift in carbonate equilibrium, resulting in the
precipitation of CaCOg5 (Street-Perrott pers. comm., 1991).

Similarly, variations in L.O.l. values across the lake are observed. As with
CaCOg content, L.O.l. is generally greater in cores from the Southern Basin (Table 8.2).
Particularly high L.O.I: levels are recorded for those cores that were collected close to
the lake shore. The most important feature of this data set is the marked increase in
L.O.l. associated with the ostracode-rich layer, implying greater aquatic vegetation within
the lake. It was evident from the stratigraphy that this unit and other ostracode-rich layers
contained large quantities of root and vegetation remains. It is possible that during
accumulation of these layers the level of the lake was relatively low; this would increase
the amount of light that could penetrate to the lake bed, allowing aquatic vegetation to
establish. As discussed above, as the lake is undersaturated in respect to COo plants
extract calcium bicarbonate resulting in the precipitation of CaCOz and providing
suitable conditions for ostracodes to flourish.

Another factor that must be considered, however, is the input of clastic material
into the lake. It is noted that there is a marked decrease in L.O.l. associated with the clay
layers, Input of clays will have increased turbidity, reduced light penetration and thereby
inhibiting plant photosynthesis. If light penetration were reduced aquatic vegetation
would have less chance of survival in deeper waters and could result in a dramatic
thange in the chemical status of the lake.

Peaks in X are associated with clay deposits, Sediments that are ostracode-rich



or display high L.O.l. values have low X values. Peaks in X are noted in all cores and
provide @ method Lot allowsbasin wide correlations to be made. X values on cores from
the Northern Basin are generally greater than those measured on cores from the
Southern Basin indicating o- greater quantity of magnetic minerals and thus clastic
material in the northern portion of the lake.

Variations in the mean grain size of the lake sediments were noted both in and
between core sites. In general, the coarsest sediments are associated withthe organic
gyttia and ostracode-rich layers. A marked decrease in mean grain size is associated
with the clay layers. There is an overall decrease in the mean grain size for the different
units from south to north in the lake. This is particularly marked in the upper clay unit
with sediments at LP19 being particularly fine compared to those at LP11. As discussed
in Chapter 2, Chacén-Torres (1989) noted that the water currents of Lake Patzcuaro
move from the south west to the north east along the axis of the lake. It is possible that
there is a net transfer of sediment, in particular clays, from the southern to the northern
basin. This would add to the amount of material that accumulatedin this part of the lake.
At the present time there appears to be net transfer of sediment to the northern part of
the lake and Chacén Torres (1989) reported much higher levels of suspended sediment

in the lake (see Figure 2. ).

8.6 CONCLUSIONS

Based on the different analyses of the physical properties it is evident that while
the shortest cores were collected from the Southern Basin they provide the longest
record of sediment accumulation in the lake. The basic stratigraphy of the lake can be
divided into three main types; organic gyttja, ostracode-rich silt and clays, form the

basis of stratigraphical and X variations seven main zones can be identified.

8.6.1 Zone 1 (approximately 5,000-4,200 years B.P.)

Sediments associated with this Zone are only found at the MC. Based on X it



would be possible to delimit further zones, however, only those sediments in the upper
3.36 m of the core are of relevance to this study as they represent the last 5,000-6,000
years of sedimentation. A small peak in X at the top of Zone | is believed to indicate

increased sediment input into the lake in response to a slight shift to drier climate.

8.6.2 Zone |l (approximately 4,200-3,600 years B.P.)

Sediments related to this zone are only present at cores in the Southern basin
and at the MC. These sediments are characterised by low X, and high CaCOg and L.O.l.
values and indicate a period of stability within the catchment and little input of clastic
material into the lake. The high level of CaCOg in these sediments may indicate lower

lake levels associated with a period of relative aridity.

8.6.3 Zone Il (approximately 3,600 to 3,200 years B.P.)

Slightly higher X values and decrease in CaCOqg and L.O.l. values characterises
Zone I, which also coincides with the first appearance of maize in the polien record.
This period of increasedclastic influx is believed to be a result of human disturbance

within the basin.

8.6.4 Zone IV (approximately 3,200 to 2,500 years B.P.)

A period of stability within the drainage basin can be inferred from the physical
properties during this period. Sediments from this zone are characterized by Low X and
relatively high L.O.l. and CaCOg content, they are also rich in ostracodes and root
remains. The large peak in CaCOj3 observed at a pumber of sites is interpreted as

indicating lower lake levels during accumulation of these sediments.

8.6.5 Zone V (2,500 to 1,200 years B.P.)

A dramatic increase in X and a drop in L.O.l. and CaCO3 content are the main

features of Zone V. These changes are associated with the influx of clastic material into



the lake and sediments relating to this zone are recognized at all the cores collected. It
is clear that sediment accumulation during this phase of disturbance was greatest in the
northemn and central portion of the lake with only a small quantity of clastic sediment

influx into the southern basin.
8.6.6 Zone VI (1,200-850 years B.P.)

The physical properties of the lake sediments during this period all indicate a
period of decreased sediment input into the lake. In addition, lower lake levels are
inferred from the increase in CaCOg4 and L.O.1. levels. Increases in L.O.l. are particularly
marked at those cores that were collected in shallower waters. The presence of
tule reeds at LP3 sug;;est that the lake could have been as much as 3-4 m lower than
the 1988 level of 2,036.5 m which would have resulted in desiccation of much of the

southern arm of the lake.

8.6.7 Zone VII (850-0 years B.P.)

| The most recent phase of disturbance within the catchment began approximately
850 years ago and has continued until the present. As with Zone V, there has been a
greater accumulation of sediment in the northern part of the lake. This probably reflects
the greater degree of environmental degradation in this part of the basin, although it is
likely that there has been a net transfer of fine silts and clays from the southern to the

northern basin by lake water currents.
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CHAPTER NINE: SEDIMENT CHEMISTRY RECORD OF LAKE PATZCUARO

.1 INTRODUCTION

The sediment chemistry of four cores from Lake Patzcuaro; LP11, MC, LP10 and
LP19 was analysed. The results and discussion of the analysis will be given in this
chapter. Samples from the four cores were taken every 5 or 10 cm and prepared using
the technique outlined by Engstrom and Wright (1984). Analysis was by A.A.S. and A.A.
as described in Chapter 5. In the case of the MC only the upper 3.36 m of the core ;A/as
analysed as this represents the last 5,000-6,000 years of sediment accumulation at this
site, and more than covers the time period under consideratibn in this thesis.

Once the analysis was complete down core plots for each element were
produced using the Micrografx CHARISMA plotting package (1990). To enable the
sediment chemistry to be described each core was divided into a number of zones.
Zonation was on the basis of stratigraphical and X variations and the designation of
these zones is the same as that outlined in Chapter Eight.

Chemical data may be represented either in units of concentration or as rates of
accumulation. Although accumulation rates eliminate the problem of covariance between
different components it is necessary to have excellent dating control otherwise
calculations of influx will have large errors. Even though there is good dating control on
the cores collected in this study it is still insufficient to allow reliable accumulation rates
to be calculated. The following descriptions will only describe the relative trends in the
core sediment chemistry, Exact concentration figures in mg/g for each element are
provided by the graphs and are given in Appendix C. The results and discussion for each
Core will be given separately, beginning in the Southern Basin and progressing

northwards to the Northern Basin.
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9.2 LAKE PATZCUARO 11

8.2.1 Sediment Chemistry

Six main zones can be distinguished at LP11 (Zone Ii to Zone VII) and will be
used to describe the salient features of the sediment chemistry record (Fig. 9.1). Zone I,
189-165 cm, is characterised by relatively low values of Fe(a), Al(a), and Ti(a).
Although a small peak in Fe(c), Al(c), Ti(c), Mg(c), Mn(c), Si(c), and K(c) is observed,
these elements are only found in similar quantities to those extracted in the ‘a’ fraction.
While Mg(a), Mn(a), Ca(a), Sr(a), Si(a), are low at the base of this zone they increase in
the upper section, pea_king at the boundary of Zones Il and III."A decrease in K(a) and
P(a) occurs upwards through Zone Il

Zone 1ll, 168-148 cm, is characterised by peaks in Al(a), Ti(a), Cu(a), K(a),
Zn(a) and Si(b). Fe(a) also peaks in this zone but decreases sharply at 160 cm (Fig. 9.1).
Other elements that peak in Zone il are Fe(c), Al(c), Ti(c), Mg(c), K(c) and Si(c). Levels
of Mg(a), Mn(a), Ca(a) and Sr(a) are low. The most noticeable feature of Zone IV, 148-
122 cm, is a large peak in Sr(a), and Ca(a) at 130 cm, although both elements display
a marked decline in the upper part of Zone IV. Mg(a) and Mn(a), exhibit a noticeable
peak at the boundary between Zone Il and Zone IV before decreasing slightly at 145 cm
and displaying a second small peak at 130 cm. Those elements extracted in the ‘¢’
fraction exhibit a similar trend to that of the latter two elements. Si(b), after peaking in
Zone Ill,shows a gradual decline in Zone IV.

Fe(a), Zn(a), Ti(a), Cu(a), Mn(a), K(a), Si(a) as well as Fe(c), Al(c), Ti(c), Mg(c),
K(c} and Si(c), all exhibit a large peak at the base of Zone V, 122 to 78 c¢m, but
decrease in level towards the top of this zone. Mg(a) which drops sharply at the base of
this zone increases markedly between 80 and 90 cm. This zone is characterised by low
values of Ca(a) and Sr(a). Apart from a small peak at 105 cm P(a) remains fairly stable

throughout Zone V. The peak in P(a) coincides with a small, but sharp decrease in
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K(a), Si(a), Zn(a), Al(a), and small peaks in Ca(a) and Sr(a). Si(b), which exhibited a
marked decrease at the boundary between Zones IV and V, shows a gradual increase
up the profile to the boundary of Zones V and VI; a similar curve is displayed by Mg(a).

A very iarge peak in Si(b) is the main feature of Zone VI, 68 to 78 cm. This is
paralielied by a sharp decrease in many other elements measured (Fig. 9.1) except for
K(c) and Si(c).

The upper 68 cm of the core, Zone VII, are characterised by relatively high
levels of Fe(a), Mn(a), Al(a), Zn(a), Ti(a), Cu(a), K(a), and Si(a) throughout. In the case
of Fe(c), Al(c), Ti(c), Mg(c), K(c) and Si(c) these are only found in relatively high levels in
the upper 40 cm of this zone, generally forming two distinct peaks (Fig. 9.1). Sr(a) and
Ca(a) are present in very small amounts in Zone VI, although a very slight increase is

noted in both elements in the uppermost part of the core (Fig. 9.1).

9.2.2 Correlation

The correlation matrix constructed from the sediment chemistry data from LP11
(Table 9.1) clearly indicates strong positive correlations between Fe(a), Al(a), Zn(a),
Ti(a), K(a) and Si(a). A particularly strong relationship is noted between K(a) and Fe(a):
r=0.82, K(a) and Al(a): r=0.83, K(a) and Zn(a): r=0.89 and K(a) and Ti(a): r=0.88.
Similarly Ti(a) correlates strongly with Fe(a) (r=0.83), Al(a)(r=0.85), Zn(a) (r=0.82). A
very strong correlation between Si(a) and Al(a) (r=0.83) is also noted. All the above
elements display a negative relationship with Sr(a), Ca(a) and Mg(a) (Table 9.1).

The most positive relationship in the entire data set is observed between Sr(a)
and Ca(a) r=0.96. The only other element with which Sr(a) and Ca(a) show a positive
Correlation is Mg(a), with values r=0.54 and r=0.58 respectively.

Fe(c), Al(c), Ti(c), Mg(c) and K(c) all exhibit a relatively strong positive correlation
with one another (Table 9.1), but have little association with other elements. Si(b) is

interesting in that it exhibits little relationship with other elements in the data set.
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9.2.3 Factor Analysis

The results of the factor analysis on the geochemical data set from LP11 are
shown in figures 9.2 and 9.3. Factors 1, 2 and 3 account  for 36.32%, 17.76% and
10.04% of tne variability within the data set respectively. Figure 9.2 shows the
distribution of variables and samples in ‘factor space’ in relation to Factors 1 and 2.
Si(a), Fe(a), Al(a), Zn(a), K(a) and Ti(a) all cluster together and load very highly on
Factor 1, while loading slightly negatively on Factor 2. Other variables that load
positively, but less strongly on Factor 1 are Mn(a), Cu(a) Mg(c), Al(c) and Fe(c). The
latter three elements also load positively on Factor 2 together with Si(c), K(c) and Ti(c).
Clustered together exhibiting a strong negative loading on Factor 1 are Ca(a), Sr(a),
MQ(a) and P(a).

Several sample clusters can be distinguished on the plot of Factor 1 versus
Factor 2. Two sample clusters plot positively on Factor 1, the largest of which also loads
positively on Factor 2. This group of samples plots between two variable groups, one
consisting of Ti(c), K(c), Si(c), Fe(c), Al(c), Mg(c), Mn(c) and Ca(c) and a second
comprising  Si(a), Fe(a), Ti(a), K(a) Al(a), Zn(a) and Mn(a). This indicates that the
sediment chemistry of the samples which plot between these two variable samples are
made up of material extracted in both the 'a’ and 'c’ fractions and suggests that they are
a product of both weathered and unweathered material.

A second group of samples.which loads positively on Factor 1, is strongly
negative on Factor 2 and plots closely with elements extracted in the 'a’ fraction and
has little relationship with variablesfrom the 'c' fraction. This relationship with the
different variable groupings indicates that these samples are dominated by weathered
material entering the lake from the catchment.

All the samples that load positively on Factor 1 come from the middle and upper
clay layer at LP11 (Fig. 9.3). Samples from the middie unit all load positively on Factors
1and 2 in a similar position to those variables extracted in the ‘c' fraction and suggested

that these sediments are dominated by unweathered material. A number of samples
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from the upper clay unit are also located in this cluster, although they tend to be located
between the two variables groupings, indicating that the sediment make-up is of both
weathered and unweathered material. Those samples that load positively on Factor 1,
but negatively on Factor 2 are all from the uppermost unit and are closely associated
with weathered material entering the basin from the catchment.

A large number of samples load negatively on Factor 1. Apart from a small group
of samples that load slightly negatively on Factor 2, most form a general scattering of
samples that load slightly positively on Factor 2. Most of the samples in these two
clusters are from the base of LP11 where the sediment is made up of gyttia and
ostracode rich sediments. Although some of these samples load positively on Factor 2
and show some relatic_)n to those variables extracted in the ‘c’ fraction, most indicate that
only a minimal amount of sediment from the catchment was been deposited in the lake
during their accumulation.

A number of variable groupings can be distinguished on the plot of Factor 2
versus Factor 3 (Fig. 9.3). As discussed, the clearest controls on Factor 2 are those
elements extracted in the 'c' fraction with Fe(c), Al(c), Ti(c) and Si(c) showing the most
positive loadings. Sr(a), Ca(a) and Mn(a) have little influence on Factor 2, but exhibit a
strong negative loading on Factor 3. The remaining variables all cluster together in the
central part of the plot indicating that they have little influence over either of these
Factors.

There is a strong central clustering of samples on the plot of Factor 2 versus
Factor 3, although a number of samples do plot away from the main group. A small
cluster of samples which load slightly positively on Factor three, but do not influence
Factor 2 are also noted. In addition two samples, 27 and 29, exhibit a strong negative
loading on Factor 3.

The majority of samples on the plot of Factor 2 versus Factor 3 are located
between the two groups of variables that indicate weathered and unweathered

Catchment material. Another assemblage which loads negatively on Factor 2, but does



140

not influence Factor 3 appears to be closely associated with weathered catchment
material. A large number of samples cluster around Si(b) and load positively on Factor 3,
while two samples load negatively on Factor 3 and are closely associated with Mg(a),
Ca(a), and Sr(a).
Down-core variations in Factor loadings for the first three Factorsar<shown in
Figure 9.4. Factor 1 which explains 36.32% of the variations is not the most important
Factor in the lower part of the core. It is only at approximately 125 cm that those
variables that load on Factor 1 dominate the core sediment chemistry. It is interesting to
note that this curve closely reflects the curve of magnetic susceptibility at this site (see
Figure 9.1).
In comparison Factor 2 which is explained by the input of unweathered material
into the lake is much more important in the lower part of the core than the upper section,
lthough between 80 and 120 c¢m the two Factors appear to be equally important. Factor
3 which accounts for 10.04 % of the variations is again most important in the lower 70
cm of the core and is mainly described by Si(b) and P(a). This may possibly relate to

lake productivity.

9.2.4. Summary Of LP11

The following summary of the lake sediment record from LP11 will also draw on
evidence presented in Chapter Eight relating to the physical properties of the core. It is
possible to divide the sediment chemistry record of LP11 into two broad divisions. The
lower of these, 189-120 cm is dominated by those elements that indicate sediments
accumulating in the lake were primarily authigenic with only a minimal input from the lake
catchment. These sediments contain a large quantity of Si(b) and Ca(a), #s well as being
rich in these two elements these sediments also contain a large quantity of CaCOg and
organic material (see figure 9.1).

The first peak in X, between 166 and 146 cm is associated with the input of

sediment from the catchment. The sediment chemistry suggests that both weathered
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and unweathered material was introduced into the lake at this time. Samples from this
unit still indicate that Ca(a), Sr(a) and Mg(a)are very important in the chemical make up
of this sediment.

Above 120 cm, the sediment chemistry record indicates a significant shift in the
sediment source and confirms the results of the physical properties of the core. At this
point in the core there is an increase in all those elements that indicate sediment input
into the lake from the catchment. Between 120 and 80 cm sediments entering the lake
were dominated by unweathered detrital sediment, although there is an increase in the
quantity of weathered material entering the lake. While the input of unweathered
material remainshigh throughout this part of the core, V\{eathered sediment entering the
lake decreases quite noticeably.

At about 80 cin there a decline in all elements indicating the influx of clastic
sediment into the lake. A decrease in the quantity of Ca(a) and Sr(a) is also noted. The
most important chemical component of this part of the core designated Zone V, is Si(b)
which suggests that during this period there were considerable algal blooms.

In the upper part of the core there is a sharp increase in the quantity of
weathered maierial entering the lake. The amount of unweathered sediment although
slightly higher than Zone V, is still very low. This suggests that during the most recent
phase of erosion the majority of sediment coming into the lake in the early stages of
sediment input was weathered sediment. In the upper part of the core there is an

increase in the quantity of unweathered material entering the lake.
9.3 THE MASTERCORE (MC)

8.3.1 Sediment Chemistry
Seven stratigraphical zones can be identified in the upper 3.36 m of the MC,
and these will be used to describe the salient features of the sediment chemistry record

(Fig. 9.5). The most noticeable feature of Zone |, 336-316 cm, is the large peak in Al(c)



and Mg(c), and the abrupt reduction in the quantity of these two elements at the
poundary of Zone | and Zone Ill. Fe(c), Si(c) and P(a) also display relatively high values
in Zone 1, increasing gradually to a peak at the boundary with Zone Il (Fig. 9.5).

Zone ll, 316-270 cm, is characterized by very large quantities of Si(b}, which
increases in amount up the zone. A small peak in Sr(a), Ca(a) and Mg(a) is observed
at 280 cm which correspondsto slightly lower levels of Al(a), K(a), Zn(a) and Pb(a).

A large peak in Ca(a) and Sr(a) and a smaller peak in Mn(a) and Mg(a) are the
main feature of Zone Ill; 270-220 cm. These elements all peak at approximately 250 cm,
corresponding to a marked decrease in the amount of Fe(a), Ti(a), Al(a), Si(a), K(a),
K(a), Si(b), Si(c), Fe(c), Ti(c) and Mg(c). As the amount of Ca(a), Sr(a), Mg(a) and Mn(a)
decreases most other elements increase in value.

Zone IV, 220-1.80 cm, is characterised by large quantities of Fe(a), Ti(a), Al(a),
Si(a), K(a), and Zn(a), at the base of Zone IV, but these elements decrease in value in
the upper part of this Zone. At the top of Zone IV a small peak in Sr(a), Ca(a), Mg(a)
and Mn(a) is noted.

A gradual increase in the level of Fe(a), Ti(a), Al(a), K(a), Zn(a), P(a), and Pb(a)
as well as Al(c), Fe(c), Ti(c) characterises Zone V; 180-120 cm. In the upper part of the
zone all these elements display a slight decrease in value with a corresponding increase
inthe amount of Ca(a) and Sr(a).

A distinct peak in Sr(a), Ca(a) and Mn(a) dominates the sediment chemistry
record in Zone VI (120-90 cm). With the exception of P(a), which remains relatively
unaltered, and Pb(a) which peaks markedly in the upper part of this zone, all other
tlements have lower values in this Zone.

Zone VI, 90-0 cm, is characterized by high levels of Fe(a), Al(a), Si(a), K(a),
P(a), Ti(a) and Zn(a) which all increase in value up profile. Al(c), Ti(c), Fe(c), are found
in quite high levels in the lower part of Zone VII, but are found in even greater quantities
in the upper 40 cm of the core. Except for a small peak at 70 cm, Sr(a), Ca(a), Mg(a),

d Mn(a) are all found in relatively low values in this Zone.



9.3.2 Correlations

There is a strong po§ﬁive correlation between those elements that are believed to
represent weathered detrital material Fe(a), Ti(A), Al(a), K(a), and Zn(a) (table 8.2). The
strongest relationship in the data set is found between Ti(a) and K(a), r=0.78, Fe(a) and
K(a), r=0.77, Ti(a) and Ti(c), r=0.77, Fe(a) and Ti(c), r=0.72 and Fe(a) and Ti(a), r=0.68.
In addition, Fe(a), Ti(a) and Zn(a) correlate positively with Ti(c). The strongest correlation
in this data set is between Mn(c) and Ca(c),r=0.92, however, these elements only occur
in minute amounts in the sediment and are possibly associated with inputs in volcanic
ash deposits. A strong positive relationship is also observed between Ca(a) and Sr,

r=0.85. The levels of correlation in the MC are not as strong as those observed at LP11.

9.3.3 Factor Analysis

The Factor analysis on the upper 3.36 m of the Mastercore indicates that 67.4%
of the variation within the core can be explained by the first three Factors. Factors 1, 2
and 3 account  for 34.15%, 24.25% and 9% of the variation within the data set
respectively.

The distribution of variables in relation to Factors 1 and 2 is seen in Figure 9.6. A
number of distinct clusterings can be observed. A large number of variables load
positively on Factor 1, however, it is possible to divide these variables into those that
load positively and those that load negatively on Factor 2. In the case of the former
group of variables there is a decrease in the loading on Factor 1 as the loading on
Factor 2 increases. Thus, Ti(a), which loads strongly on Factor 1, barely influences Factor
2, while Cu(a) and Si(a) ywhich load more positively on Factor 2, have a lesser control on
factor 1. The second cluster of variables that load positively on Factor 1, but negatively
on Factor 2,includes Ti(c), Al(c), Si(c) Fe(c) and Zn(a).

The distribution of samples on the plot of Factors 1 and 2 clearly indicates that

Certain sample groupings are associated with certain variables. In the case of Factor 1 it
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is evident that there is a very close link between Ti(a), Al{(a), K(a), P(a), Fe(a), Si(a),
Pb(a) and Cu(a) which constitute the weathered fraction of the material deposited into
the lake from the catchment basin and samples taken from the upper two clay units (Fig.
9.6). Samples associated with the lower of these two units exhibit a strong connection
with Ti(c), Al(c) Si(c) and Fe(c), suggesting that unweathered material is an important
constituent of these samples. A similar relationship was noticed for LP11 and the MC. In
addition, those samples that were taken from the upper clay unit tend to have a stronger
association with those variables that indicate the input of weathered detrital sediment
into the lake.

Those samples that load positively on Factor 2 appear to be closely associated
with the variables Sr(a), Ca(a), Mg(a) and Mn(a). In all cases these samples were
collected from ostracode-rich layers although as pointed out above those that were
analysed from the uppermost unit are also influenced to a large extent by material
entering the lake from the drainage basin, which in this instance is made up of the
weathered fraction of material entering the lake. The remaining samples and variables
load negatively on both Factors 1 and 2, however, this does not imply that there is a
relationship between the two. This suggests that during deposition of the lower
ostracode units there was little sediment entering the lake from the drainage basin, while
during accumulation of the uppermost ostracode unit sediment from the drainage basin
was entering the lake.

A small cluster of variables are seen to load negatively on both Factor 1 and 2
and include Mg(c), Mn(c), Ca(c) and K(c). Sr(a), Ca(a) and Mn(a) all load positively on
Factor 2, with Sr(a) and Ca(a) loading negatively, Mg(a) plotting very slightly negative
and Mn(a) being slightly positively on Factor 1. Si(b), Ca(c), Mg(c) and K(c) all load
Negatively on Factors 1 and 2.

The distribution of variable loadings for Factor 2 versus Factor 3 displays a large
Cluster in the central part of the plot,with a number of smaller clusters distributed around

the main group. Sr(a), Mg(a) and Mn(a) all load very positively on Factor 2, and slightly
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negatively on Factor 3. Fe(c) and K(c) both exhibit a strong negative loading on Factor 2
and slightly negative on Factor 3, while Ca(c) and Mn (c) both load together negatively
on Factor 3 and Factor 2. The variable with the strongest influence on Factor 3 is Si(b)
which as seen in Figure 8.7, has little influence on Factor 1 and none on Factor 2.

Distinct groups of samples and variables are not as easily distinguished on
Factor 2 versus Factor 3. Most of the samples and variables cluster around the central
part of the graph, although a distinct cluster of samples and variables can be seen to
load positively on*=actor 2.

The first three factors explain 34.14%, 14.25% and 9% of the variation in the
core sediment data set respectively. When these are plotted against depth it is possible
to determine which factors dominate sediment chemistry through time (Fig. 9.8). At the
base of the core, howe;ver, those variables that load on Factor 3, dominate the sediment
record, the most important of these variables being Si(b). The relative importance of
Si(b) in this part of the core is confirmed by Bradbury (unpubl.. data) which indicates
quite high peaks in diatom concentrations with in excess of 1000 diatoms
mm-2 at these levels. Other important peaks in diatom concentrations also coincide with
peaks in the relative importance of Factor 3.

It is evident that there is a marked inverse relationship between Factors 1 and 2
thus where those factors that load on Factor 1 dominate the sediment record those that
load on Factor 2 have little significance. The variables that load on Factor 1 are
associated with detrital material and suggest instability within the drainage basin.
Although weathered detrital material does load slightly positively on Factor 2 this factor
is dominated by Sr(a), Ca(a) and Mg(a) which indicates more stable conditions in the

basin,

9.3.4 Summary Of The Mastercore
The sediment chemistry record of the upper 3.36 m of the MC is not unlike that

Observed at LP11. At the base of the core large quantities of unweathered material are
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found which correspond to a small peak in X (Fig. 4.7). Between 316 and 220 cm the
most important componentsof the sediments are Si(b) and Ca(a). These sediments also
contain a large quantity of organic material. The sediment chemistry make up is very
similar to that at LP11. Above 220 cm there is a dramatic change in the sediment
chemistry with a huge increase in those elements extracted in the 'a’ fraction associated
with weathered clastic sediment. There is a noticeable decrease in the input of
unweathered material entering the lake at this time.

At 180 cm there  was a dramatic increase in the amount of sediment entering
the lake from the drainage basin. Unweathered sediment in particular dominates this
material. Through this period there is a decrease in the amount of biogenic silica.

In the upper 180 cm of the MC the sediment chemistry is dominated by material
entering the lake from.the catchment. In Zone V, there is an increase in Fe, Ti and Al
and K extracted in both the 'a’' and 'c’ fractions,all indicating instability within the basin:
unweathered material forming the bulk of sediment entering the lake. Samples from this
part of the core clearly display  a close association with the unweathered fraction in
the factor analysis. Only betweenit®®and Focm where sediments are rich in ostracodes is

there a reduction in the amount of material entering the lake .
3.4 LAKE PATZCUARO 10

4.1 Sediment Chemistry

Four main zones can be distinguished from LP10, this zonation being based on
stratigraphical and X variations (Fig. 9.9).  The main feature of Zone IV, 190-165 cm, is
the small peak observed in Al(a), Ti(a), Fe(a), Zn(a), K(a), Mn(a), Si(a), Ti(c) and K(c). All
these elements are found in much lower amounts in the upper part of this Zone. There is
adrop in the values of Fe(c), Al(c) and Si(c) in the upper part of Zone IV as well. P(a),
and Mg(a) display an inverse relationship to this with a slight peak noted in the upper

Part of Zone IV, a similar peak in Sr(a), and Ca(a) is also noted. Si(b) is found in large
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quantities throughout Zone IV.

Zone V, 90-165 cm, is characterised by very low levels of Ca(a), Sr(a) and Mg(a).
The curves for Al(a), Fe(a), Zn(a), K(a), and Si(a) are all very similar, exhibiting relatively
high values throughout the zone although there is a slight decrease in all values at
approximately 120 cm concomitant with a slight peak in Fe(c).

A relatively large peak in Ca(a) and Sr(a) as well as high levels of Mg(a), and P
(a) typify Zone VI, 60 to 90 cm. It should be noted that the peaks in the latter two
elements are slightly further up profile than the former two elements. All other elements
are found in relatively low amounts in this part of the core, although there is a slight peak
in those elements extracted in the 'C' fraction in the upper part of the Zone prior to
dropping to lower levels at the boundary of Zones VII and VILI.

Ca(a), and Caia) maintain low»values in the upper 60 cm of LP10, Zone VII, with
slightly higher levels of Al(a), Ti(a), Fe(a), Zn(a), and K(a). In the case of Fe(c), Al(c),
Tilc) and K(c) there is a marked increase in the relative value of these elements in the

upper 50 cm of the core.

8.4.2 Correlations

The correlation matrix for the sediment chemistry data set from LP10 is shown in
Table 9.3. A very strong positive correlation is found between Fe(c), Al(c) and Ti(c).
Between Al(c) and Ti(c), r=0.94; Al(c) and Fe(c), r=0.92 and Ti(c) and Fe(c), r=0.93. A
very strong positive relationship is also found between Ca(a) and Sr(a), r=0.91. Both
Ca(a) and Sr(a) also display a strong positive correlation with Mn(a), r=0.74 and r=0.82
respectively. A strong negative relationship is noted between Si(b) and elements

extracted in the 'c' fraction, in particular, Al(c) r=-0.69, Ti(c) r=-0.67 and Fe(c) r=-0.65.

84.3. Factor Analysis
Factor analysis was run on only twenty samples from core 10. Due to the limited

umber of samples it was necessary to carry out the analysis on a slightly reduced data
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set as the number of variables has to be smaller than the number of samples for the
programme to run (Walden, 1890). In this instance it was believed that Ca(c) formed a
relatively insignificant leve!l in the core and thus was not analysed in the data set.

There is a wide distribution of the variables and samples on the plot of Factor 1
versus Factor 2 (Fig. 8.10). Mg(a) loads very strongly on Factor 1, as do Sr(a) and Ca(a).
The latter two variables also show a strong positive loading on Factor 2. A large number
of variables load negatively on Factor 1, Tnese include Al(c), Fe(c), Ti(c), Ti(a) and Fe(a).
Ti(c), Fe(c) and Al(c) also display show a strong positive loading on Factor 2. Zn(a),
Al(a) and Si(a) all load negatively on both Factors 1 and 2.

The majority of samples from LP10 load negatively on Factor 1, plotting in a
loose cluster both slightly negatively and positively on Factor 2. Only four of the twenty
samples plot away fro-m this main group, samples 8 and 9 load positively on Factors 1
and 2 and plot very closely to Sr(a) and Ca(a). Samples 18 and 20 exhibit a strong
positive loading on Factor 1, but loads very negatively on Factor 2 and are closely
associated with Si(b). The majority of samples, however, are closely related with Al(c),
Fe(c), Ti(c), Ti(a), Fe(a) Zn(a) and Al(a). This relationship indicates that the sediment is
dominated by material entering the lake from the catchment both in a weathered and
unweathered form.

The plot of Factor 2 versus Factor 3 (Fig. 8.11) exhibits the fact that a large
number of variables plot positively on Factor 2. Displaying the strongest positive loading
are Fe(c), Ti(c) and Mn(a) with Al(c), Sr(a) and Ca(a) also displaying a positive loading
on Factor 2.

What is evident from Figure 9.11 is that the majority of samples from the upper
part of the core(ie. that are associated with the upper two clay units and the ostracode
rich sediment layeo are strongly influenced by those variables that indicate influx of
detrital material into the lake. In comparison samples from below these units plot in
pasitions that would indicate little influence from detrital material.

The variables that load on Factor 1 (Fig. 9.12) and explain 29.8% of the variation
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in the data set are Mg(a), Ca(a), Sr(a) and to a certain extent Mn(a) and Si(b). However,
it is only in two parts of the core that these dominate the sediment chemistry record,
these being at the base of the core and between 95-60 cm (Fig. 9.12). Elsewhere these
variables display a very negative loading.

in the case of Factor 2 which accounts for 22.86% of the variation the most
important variables are Fe(c), Al(c) Ti(c), Ca(a), Sr(a) and Mn(a). The importance of
these variables on the sediment chemistry record shows a marked increase from the
base of the core up to approximately 60 cm, with a sharp negative peak at 52 cm. From
this point to the top of the core there is a gradual increase in the importance of variables
loading on this factor.

A much lesser degree of variation is observed for the plot of Factor 3 (Fig. 9.12)
and although it accouhts for only 7.6% of the variability of the data set only P and Ti

show any degree of positive loading.

9.4.4 Summary of Lake Patzcuaro 10
It is evident from the geochemical analysis of LP10 that the sediment chemistry is
dominated by material that has entered the lake from the catchment in both a weathered
and unweathered form. These results confirm those of the investigation into the physical
“properties of the sediment. At the base of the core Si(b) is one of the most important
constituentsof the sediment make up, but becomes progressively less so up the core.

In the lower erosional event sediment make-up is divided between
weathered and unweathered material in the lake. At the base of the uppermost phase
there is a noticeable change in the sediment chemistry. The base of the unit is
characterised by more weathered material entering the lake. In the upper 40 cm of the
core, however, there is a marked increase in the amount of unweathered sediment
entering the lake at LP10.

This relationship is similar to that observed at the MC and LP11. The

distribution of samples indicates that no factor really dominates the sediment record.



There is a gradual decrease in the amount of Si(b) in the sediment record which
indicates a reduction in diatoms possibly associated with the turbid conditions reducing
light penetration and reducing species. Factor 1 explains 29.9% of the variability in the
data set at LP10. The variables displaying the strongest positive loading on Factor 1

being Ca(a), Sr(a) and Mg(a) with Mn(a) and Si(b) exhibiting a lesser positive loading.
9.5 LAKE PATZCUARO 19

9.5.1. SEDIMENT CHEMISTRY

Five main zones can be delimited in LP19 and provide the basis for describing
the salient features of the sediment chemistry record (Fig. 9.13). Zone lll, 240-220 cm, is
characterised by relati-vely high levels of Fe(a), Al(a), K(a), Mn(a), Si(b) as well as, Si(c),
Fe(c), Al(c), K(c), and Mn(c). Low values of Cu(a), Sr(a), Mg(a), and Ca(a) are found in
this part of the core.

A very large peak in Sr(a) and Ca(a) characterisesZone 1V, 220-210 cm). This
corresponds to slightly lower values of Fe(a), Al(a), Ti(a), Cu(a), K(a), Fe(c), Ti(c) and
Al(c). Si(a) displays a gradual decline through this part of the core while Si(c) exhibits a
small sharp peak at the boundary of Zones lll and IV before dropping to lower values;
K(c) displays a similar trend.

The most important feature of Zone V, 210-155, is the marked increase in Fe(a),
Al(a), Ti(a), Mn(a), Cu(a), K(a), Mg(a) and Si(a) at the boundary of Zones IV and V
(approximately 210 cm). However, the curves relating to these variables o show quite
considerable variations up in this zone with a large number of small peaks and troughs
observed. In general these curves exhibit a similar pattern. A very sharp increase in the
amount of Fe(c), Si(c), Al(c), and Mn(c) is also noted at the boundary of Zone IV and V
peaking at 200 cm, before dropping to much lower levels and remaining as such
throughout Zone V.

The most distinct feature of Zone VI, 145-155 cm, are large peaks in Sr(a),
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ca(a), and Mg(a). In marked contrast there is a marked decrease in the level of Fe(a),
Al(@), Ti(a), Fe(c), Al(c), K(c) and Mn(c).

The upper 145 cm of the core is designated Zone VIl and is characterised by a
very ‘noisy’ signal with numerous small peaks and troughs. What is noticeabie from this
data set is that the curves for Fe(a), Al(a), Ti(a), and Mn(a) exhibit an inverse relationship
to these elements extracted in the 'c’ fraction. With the exception of a small peak at 130

cm the levels of Ca(a), Sr(a) and Mg(a) remain very low in this zone.

9.5.2. Correlations

The correlation matrix for the sediment chemistry data set from LP18 is shown in
Table 9.4. A number of elements display a very strong positive relationship, in
particular : Fe(a) and :ri(a), r=0.91; Fe(a) and Al(a), r=0.86; Al(c) and Ti(c), r=0.84; Al(a)
and Ti(a), r=0.83; Fe(c) and Al(c), r=0.82 and Fe(c) and Ti(c), r=0.79. A strong positive
relationship is also noted between Ca(a) and Sr(a) r=0.74. Both Ca(a) and Sr(a) also
correlate positively with P(a) and Si(b) (Table 9.4). Despite the strong positive
relationship displayed by the elements outlined above few other elements within the data

set display such a clear negative or positive relationship as these variables.

9.5.3 Factor Analysis
The variable loadings for Factors 1 and 2 are shown in Figure 9.14. Three distinct
groups can be distinguished together with a number of variables that appear to load
independently of one another. Fe(c), Al(c) and Ti(c) exhibit a strong positive loading on
both Factors 1 and 2. In comparison Ti(a), Al(a) and Fe(a) load positively on factor 1 but
negatively on Factor 2. Displaying a very negative loading on factor 1 and having little
influence on factor 2 is a group of variables consisting of Sr(a), Ca(a), Si(b), Si(c) and
K(c).
It is evident from figure 9.14 that a large number of samples cluster together, all

loading slightly positively on Factor 1, although these distribute both positively and
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negatively on Factor 2. A second group of samples that do not show the same degree of
clustering load negatively on Factor 1. It is notable, however, that even on the two most
important factors the overall distribution of samples is not very great. This would indicate
that much of the seaiment making up this core is very similar in chemical content.

In the case of Factor 1 versus Factor 2 it is apparent that the main grouping of
samples that loads positively on Factor 1 is not influenced by any one group of variables.
However, a small number of samples have similar loadings to Sr(a), Ca(a), Si(B), Si(c)
and K.

Several much more distinct variable groupings can be identified from the plot of
factor 2 versus factor 3. Al(c), Ti(c) and Al(c) reveals a very high positive loading on
factor 2, but has little influence on factor 3. In comparison Al, Fe and Ti display a strong
negative loading on F.actor 1, but load slightly positively on factor 2. A further group of
~ variables which appear not to have much control over factors 1 and 2 consists of Ca(a),
Mg(c), Si(B), Si(c) and P, while Si, Sr, K Mn, Cu, and Mg form a general cluster of
variables that load negatively on both Factors 2 and 3.

The plot of Factors 2 and 3 (Fig. 9.15) shows a large number of samples cluster
around the central part of the graph with a number drawing of from the main group
towards major sample clusters. This suggests that these variables have a greater
influence over these samples, although on the whole no one major group dominates the
sediment chemistry.

The down-profile variations in the factor loadings are shown in Figure 9.16.
Factor 1, which is associated with Al(a), Fe(a), Ti(a), K(a), Si(a), Mg(c), Ti(c), Al(c) and
Fe(c), accounts for 30% of the variation in the data set. The curve is very similar to that
of magnetic susceptibility (see Fig. 8.4).

Factors 2 and 3 which account for 22% and 7% of the variability of the data set
are associated with unweathered and weathered clastic material respectively. There is a
weak inverse relationship between these two factors and suggests periods when

Weathered or unweathered material dominate the sediment influx. Factor 2 is particularly
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important in the lower part of the core and in the upper 100 cm.

9.5.4 Summary Of Lake Patzcuaro 19

It is evident from the results of the sediment chemistry analysis that the
sediments at LP19 are dominated by material input from the catchment into the lake.
These results confirm the conclusion based on the physical properties. Sediments at the
base of the core are relatively organic rich and contain a relatively large amount of Si(b).
At the base of Zone IV there is evidence of a considerable influx of unweathered
material into the lake with a corresponding dramatic decrease in the amount of Si(b).
The amount of weathered material decreasessharply above this initial influx of sediment.

In the upper part of the core the sediment chemistry record implies influxes of
weathered and unwea;thered material. It does appear that there is a general increase in
the amount of unweathered material entering the lake upwards through the core profile.
9.6 SUMMARY OF THE SEDIMENT CHEMISTRY RECORD OF THE LAKE

PATZCUARO

In this section the main features of the sediment chemistry record of Lake
Patzcuaro will be summarized.

Only the upper part of Zone | was analyseeLin this part of the investigation.
Sediments associated with this zone are characterised by peaks in the input of
unweathered sediment. These elements may be associated with the input of
unweathered volcanic matefial into thé lake.

Identified at both LP11 and the MC, Zone I, displays peaks in Ca(a) and Sr(a);
levels of Si(b) are also high. The increase in the concentration of these elements,
®Specially Ca and Sr,probably reflects lower lake levels at this time. Sediments
associated with Zone Il are characterised by high levels of those elements that indicate
the input of detrital material into the lake.

Large peaks in Sr and Ca are the main characteristic of Zone IV. The increase in

the level of these elements suggests a lowering of the level of the lake at this time, Other



glements,in particular those that indicate sediment influx into the lake, display a marked
decrease during the accumulation of these deposits.

Zone V is characterised by large peaks in all those elements that indicate influx
of detrital material into the lake. It is quite apparent that with the exception of LP10 all the
sediment chemistry records from the other core sites indicate that the material entering
the lake contained a large quantity of unweathered material.

A marked decrease in detrital sediment input and peaks is the main feature of
Zone V1. Peaks in Ca(a) and Sr(a) at all the cores except LP11 are also noted. in the
case of LP11 an enormous peak in Si(b) is observed. Input of detrital sediment into the
lake resumed in Zone VII. At all cores it is apparent that in the basal part of this zone,
sediment entering the lake is dominated by weathered material with increasing quantities
of unweathered mater{al entering the lake in the upper part of this zone. Zone VIl is also
characterized by low Ca and Sr values although a slight increase is noted in the upper
part of LP11.

Despite differencesin the actual concentration values of different elements
analysed it is apparent that the overall sediment chemistry record from Lake Patzcuaro
is broadly similar across the lake. Based on this evidence it is possible to determine
periods of influx of sediment into the lake and the nature of the material that has
accumulated at different times. Attempting to infer climatic changes from these data is
not so easy, however. As discussed above the data presented herewe.in concentration
units, and changes in the value of any one element will have a direct effect on the
concentration of all other elements. Thus, peaks in Ca(a) and Sr(a) would occur
when there is a decrease in the input of detrital material. Consequently peaks in Ca(a)
and Sr(a)) which where believed to be indicative of lower lake levels and hence drier
timatic conditions,may not be as simple as it would seem. To determine conclusively
Whether or not these conditions are dry it would be necessary to determine the variations
in the actual influx of different elements, however, this would reduire a considerably

Greater number of dates than are currently available on these cores.
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g7 CHANGES IN THE RATE OF SEDIMENT INFLUX INTO THE LAKE
OVER THE LAST 3,500 YEARS.

The lacustrine record clearly provides the most detailed evidence of changes
i ercsion rates within the basin. This i; due to the large quantity of cores available,
gstinct stratigraphical changes and excellent dating control. Using these data it is
pssible to estimate spatial and temporal variation in the rate of sediment influx into
the basin.

There are various methods for calculating sediment accumulation rztes i~
lkes. Studies that have been based on multiple cores frequently use contouring to
determine the volume of sediment that has accumulated in a given time period (eg.
Boemendal, 1982; Dearing et al., 1981) Lake Péatzcuaro, however, is not suitable for
tis method of analysis due to its irregular shape and the considerable variations in
the thickness -of stratigraphical units found in different parts of the lake. Another
method of calculating sediment influx is to divide the lake into a series of polygons,
tach associated with a core site. The characteristics of the core are assumed to be
he same for the entire polygon.

‘Lake Pétzcuaro- was divided into 21 polygons following the method outlined in
Chapter 5 (Fig. 9.17). To determine the amount of sediment which has accumulated

#each cores site for a given layer the following formula was applied:

Layer thickness x bulk density x % clastic material®

The % clastic material was calculated using the following formula:

% clastic=100-(% CaCOg+ % L.O.L.+ % SiOp)

As it is not possible to determine the amount of CaCOg, organic matter and
togenic silica which may have been transported to the lake from the catchment it is
%umed that the entire content within the core is a product of the lake itself. Only
breg units were identified throughout the entire lake which correspond to Zone V,

e Iv ang Zone VII. The following results relate to these zones.
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¢7.1 Zone V (2,500-1,200 years B.P.).

Sediments associated with Zone V, accumulated during the second phase of
gosion within the basin. Thesg deposits were found at all the core sites analysed,
ad thus, it is possible to assess spatial variation in the quantity of sediment influx
no the lake. The results of the analysis are shown in Table 9.8. There was a
wnsiderable difference in the amount of sediment input into the lake during the
xeumulation of Zone V. In the northern part of the lake sediment input was high in
particular in the vicinity of LP20 where 0.43 t m2 accumulated in this period. All the
cores from the southern part of the lake together with LP5 and LP8 display very low
values of sediment input during this phase of disturbance being as low as 0.006 t m
2.

The total amount of sediment input into the lake during this period of
dsturbance is estimated to be 13,339,224 tonnes which entered the lake at an
aerage rate of 10,261 t yr'1 and is equivalent to an erosion rate within the

wichment of 12.8 t km™2 yr 1,

172 Zone IV (1,200-850 years B.P.)

Both the physical and chemical properties of the cores indicated that
sediments associated with Zone VI, accumulated during a period of relative stability
Mthin the basin. These findings are supported by the results of this analysis which
hicate a considerable reduction in sediment input over this period. Approximately
353,534 tonnes of sediment were deposited into the lake between 1,200 and 850
kars B.P. at an average rate of 4,439 t yr-1 (table 9.6). This represents an average
Wl loss of 581 km‘2 yr'1 from the drainage basin. Thus, sediment input during this
¥iod was about 35% of that during the preceding period of disturbance.

The most obvious difference is found in the Northern Basin where a
Msiderable drop in sediment accumulation is noted. In Polygon One, for example,
se"i'ﬂent input was at a rate of 269 t yl’1 compared to 1,730 t yr‘1 during the

Wmulation?&one V. This represents a decrease in sediment input of 85% during

W

()
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