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ABSTRACT

Marsh foraminiferal fauna from nine cores and two transects in and
around the Nanaimo inlet were examined for impact of infaunal habit and
taphonomic processes on biofacies formation. High marsh fauna live slightly
deeper infaunally compared to those in the low marsh environment, reflecting
harsher conditions in the high marsh. Most live Jadammina macrescens are
found from D-20 cm in the high marsh setting and from 0-11 cm in the low marsh
setting; the main depth preference is from 2-8 cm. Trochammina salsa and
Jadammina macrescens live in nearly identical infaunal living habits and
standing crop distribution, indicating that a systematic re-examination of species
is in order. Most living Trochammina inflata were found from 0-25 cm in the
high marsh and from 0-20 cm in the low marsh environment.

Haplophragmoides wilborti is overall most abundant from 3-7 cm being almost
absent from the near-surface samples in all cores. H. wilberti is primarily found
from 0-15 cm In a high marsh setting, and from 0-12 cm in a low marsh
environment. Most live Miliammina fusca are found from 0-10 cm but are most
abundant in the top 3 cm.

Five cluster analyses of the foraminiferal data using 0-1, 0-3, 0-5, 0-7 and
0-10 cm surface samples, respectively, were carried out and five biofacies were
discriminated within each case to determine which near-surface aliquot is most
analogous to deeper subsurface biofacies. Results of cluster analysis of the
data show near-surface sediment sampling should be done on the 0-10 cm
interval. This aliquot allows the main infaunal species characteristics to be

observed, yet is thin enough that epifaunal species are also accurately

represented.
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Marsh Foraminifera from Nanaimo, British Columbia: Infaunal

Habitat and Taphonomic Implications

1.0 BACKGROUND

Southwestern British Columbia is located in the most tectonically active
area of Canada and there is concem that an earthquake much larger than any
of the historical period may cause extensive damage to cities and the economic
infrastructure of the region. Details of the periodicity and magnitude of
prehistoric earthquakes in the area are not well known (written records date
back less than 200 years), but the proximity of the Cascadia Subduction Zone
(CSZ) dramatically increases potential for megathrust and other earthquakes
(Clague and Bobrowski, 1990; Clague and Bobrowski, 1994). This high
potential for damaging earthquakes has led to increased emphasis on seismic
risk assessment studies.

New stratigraphic evidence and radiocarbon ages show that the zone of
subsidence associated with earthquakes in the CSZ may extend north to central
Vancouver Island, British Columbia. The amount of subsidence would be
expected to decrease eastward, approaching zero several tens of kilometers
east of the outer coast (Clague and Bobrowski, 1990; Mathewes and Clague,
1994). This evidence is in accord with geodetic and geophysical modelling
which indicate that the convergence between the oceanic Juan de Fuca and
Explorer plates, and the continental North American plate within the Cascadia
Subduction Zone is locked and accumulating strain, which could be released in
a potentially catastrophic (M8+) megathrust earthquake (Clague and

Bobrowski, 1994; Blais and Patterson, in press; Figure 1).




Figure 1: Tectonic setting of Nanaimo, British Columbia. Epicenters and dates
of crustal earthquakes are indicated.
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Two types of earthquakes, crustal and subcrustal, also occur in
southwestern British Columbia. Crustal earthquakes are the most common and
originate within the North American plate, generally at depths of 10-30 km.
These earthquakes occur along deep brittle fractures because the crust under
southwestern British Columbia is thicker and cooler than normal. Subcrustal
earthquakes occur within the Juan de Fuca Plate at depths down to 80 km.
These earthquakes are concentrated in two regions beneath Vancouver Is'and
and beneath the Strait of Georgia. This seismicity is concentrated in a narrow
band between 479N and 49.59N and is probably due to arching of the
subducting plate to accommodate the bend of the coastline in this region (Blais
and Patterson, in press; Figure 1).

Marsh foraminifera have prover to be one of the most effective tools in
recognizing paleo-seismic events. Distribution of foraminifera in tidal marshes
is highly zoned and controlled by various physica! parameters (e.g. salinity, pH,
temperature and oxygen concentration; de Rijk, 1995). Very small changes in
relative sea level (<10 cm) modify these parameters and can produce
significant changes in the foraminiferal assemblages (Patterson et al., 1994;
Patterson et al., 1995). Through a detailed knowledge of marsh foraminiferal
biozones, valuable insights can be gleaned about previcus depositional
environments and identification of former sea levels which may, in turn, be
associated with seismic events (see Patterson, 1990; J¢ asson and Patterson,
1992; Guilbault et al., 1995). The characteristic result of seismic events in the
west coast is always associated with sudden subsidence. In the marsh, this
results in a low marsh fauna being juxtaposed upon a high marsh fauna.
Tsunami deposits occasionally are associated with this boundary.

Many reconstructions of past sea level change utilize the modem

distribution of marsh foraminifera as analogues of their fossil distribution



(Goldstein and Harben, 1993). However, important parameters not widely
studied to date, yet vital to such reconstructions, are the nature of the infaunal
habitat of many foraminiferal taxa and their taphonomy.

The purpose of this baseline study in marshes adjacent to Nanaimo on
Vancouver Island is to enhance the utility of marsh foraminifera as paleo-
seismic indicators. In particular, the main objectives are:

1. to determine preservational potentia! (taphonomic biasing) of marsh
foraminiferal faunas in the subsurface;

2. to determine the implication of marsh foraminifera infaunal habitat on
biofacies distribution.

Once the impact of taphonomic biasing and infaunal foraminiferal faunal
habitat on biofacies formation is understood, application of transfer functions
(Guilbault et al., 1995) and Error Weighted Maximum Likelihood clustering
methodologies (Fishbein and Patterson, 1993) will aliow both subtle eustatic

and dramatic seismically generated subsidence events to be fully documented.

2.0 PREVIOUS WORK

Only a few studies have been carried out that address the impact of
infaunal habitat and taphonomic effects on fossil foraminiferal distribution. For
example, Corliss (1785) documented ‘he infaunal nature of some species of
calcareous foraminifera living to depths of 15 cm in the western North Atlantic.
Elsewhere, Goldstein (1988) found foraminifera living to depths of 30 cm below
the marsh surface, along the eastern coast of St. Catherine's Island, Georgia. In
both deep water and intertidal settings these researchers found that infaunal

habitat may significantly alter the composition of subsurface assemblages.



Smith (1987) siudied the fossilization potential of various modern
shallow water benthic foraminiferal assemblages, to predict taphonomic effects.
He found that many agglutinated forms may have little or no fossilization
potential in oceanic conditions because most loosely cemented tests
disaggregate upon death and retum to the sediment. Loubere and Gary (1990)
expanded on previous studies of taphonomic processes affecting deep water
benthic foraminifera. By analyzing both living and dead assemblages, they
were able to distinguish the extent of taphonomic biasing, through development
of a theoretical treatment of fossil abundances in sediments for species living in
both epifaunal and infaunal microhabitats. More recently Jonasson and
Patterson (1992) also found an overall decrease downcore in agglutinated and
calcareous foraminiferal numbers, implying poor preservation potential in

marsh environments of the Fraser River delta.

3.0 METHODS AND MATERIALS

total of 180 samples were taken from nine/31-cm cores along two
transects in the marsh adjacent to Nanaimo inlet (Figures 2 & 3; Appendix 1).
Sample coring was done using a vibracore. Foraminiferal sampltes were taken
at 1 cm intervals for the first 10 cm and then at 1.5 - 2 cm intervals through the
remainder of the core. The cores generally consisted of an organic rich silt or
peat, overlying sand. Most samples were stored in sterilized plastic vials and
treated in the field with formaldehyde in order to prevent microbial decay of
living foraminiferal protoplasm. However, samples from cores N95-1 and N95-2
were stored in sterilized ziploc bags and treated in the field with isopropyl

alcohol. The eievation of each core site was obtained using a surveying level.




Figure 2: Location map of cores (1-1 to 1-5; 2-1, 2-2, N95-1, N95-2) examined
for this study.
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Figure 3: Cross-section of sampling sites indicating elevation of sample sites
above or below mean sea level.
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Absolute elevations were obtained by comparing these results to topographic

maps of the tidal flats and marshes (Figure 3; Canada, 1:50 000, 1994).

in the laboratory, approximately 10 cc of each sample were washed and
sieved using a 0.063 mm sieve. Once washed, samples were stained with
Rose Bengal in order to distinguish foraminifera living at the time of collection
(Scott and Medioli, 1980). After staining, the samples were washed in tap water
and preserved in a 5% isopropyl alcohol solution. Samples were sieved using
a 0.5 mm screen to remove large plant debris to facilitate counting. The sample
residue was then split using a wet splitter until a fraction of countable size
fusually 1/6) was obtained (Scott and Hermelin, 1993). Wet samples were then
examined under a binocular microscope (generally at around 40 X). Water
immersion aids in sample identification of march species because organic
matter found in marsh samples tends to stick to foraminifera tests if samples are
dried. Of the 180 samples, 157 contained statistically significant numbers of
foraminifera (Appendix 1; see Patterson and Fishbein, 1989, for background on

estimating statistical significance).

4.0 QUANTITATIVE ANALYTICAL PROCEDURES

The counts for each sample were converted into fractional abundances
and standard errors calculated as proposed by Patterson and Fishbein, (1989)

according to the following formula:

Sxi = [Xi(1-Xj)N]1/2

where S¥;j is the standard error: X;j is the estimated fractional abundance for

eachi=1,2,3,... species, where | = the total number of species in the sample; i
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is each species; and N is the total number of specimens counted in a sample.

When making N counts, the actual fractional abundance fij lies between,

Xj-1.96Sxj>fi<Xj+1.96Sx;

95% of the time. Therefore, the 95% confidence interval on the estimated
fractional abundances is Xj+1.96Sx;.

Q-Mode cluster analysis was carried out in order to group samples that
had similar foraminiferal species distributions. Samples that had similar
species distributions were considered to be representative of a particular
environment or biofacies.

Only foraminiferal species that were deemed to be present in statistically
significant numbers were used in the Q-Mode cluster analysis. The statistically
significant species were those that had abundances equal to the standard error
+ 1% at the 95% confidence level in at least one sample. Those species not
included in the analyses are: Ammotiurmn salsum (Cushman and Bronnimann,
1948), Ammobaculites foliaceous (Brady, 1884), Trochammina irregularis
(Cushman and Brsonnimann, 1948), Reophax nana (Rhumbler, 1911),
Centropyxis aculeata (Ehrenberg, 1832) , Difflugia oblonga (Ehrenberg, 1832),
Pontigulasia compressa (Carter, 1864), and Arcella vulgaris Ehrenberg, 1830.
Q-Mode clustering of the reduced dataset was done on an Apple Macintosh cx
computer using the SYSTAT v.5.2 statistical software package and Ward's
minimum variance method (Wilkinson, 1989). The resuits of the cluster analysis
were then reported as Euclidean distances and arranged in a hierarchical
dendrogram (Fig. 4 and 5). The dendrogram was then used to define sample

associations or biofacies (Figs. 4-6; Table 2). This methodology simulates a




Figure 4a: Q-mode dendrogram showing the 0-1 cm sampling interval cluster
analysis, from Nanaimo, British Columbia, divided into distinct assemblages as
indicated by the dashed line. Distinct clusters of samples with correlation co-
efficient greater than a selected level were considered biofacies. Each biofacies
and selected samples associated with these biofacies are shown in Figures 4b -
4f.
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Figure 5: Q-mode dendrogram showing the 0-10 cm sampling interval cluster
analysis, from Nanaimo, British Columbia, divided into distinct assemblages as
indicated by the dashed line.




Figure §

Biofacies §
Low Low Marsh

0.000

2HITA Y
irions
21181
PRRATE ]
1214310
2154818
NP ESL)
12930
1134828
ER AR RLY
12082
t2usn
13010

21010

121318
121011 8
(NS TERTY
139108
1rsn
1210172
11030

115151y
123010

1wns

(WARD Minimum Vanance Method)

Euclidean Distances

115%1ad

Biofacies 2
Low High Marsh

Samples

Biofacies 4
Low Jarsh

Biofacies 3
High Low Marsh

Biofacies 1
High Marsh

1517819
1320822
132528
N 32 2
N1 1416
N1 12

hcRRLIN
a— —

— —— —— s — i — —— —— . quati

N3 22830
22 3y ] |

1314818
pe-S")

112082

NS 3
P13 S
[RPAPALS
213148
1. 4808
Nys-222 e
[RERE S L)
133033 ]—
— —
1230
1220298 }\
122%%0
1naem

13010
[RES-XY
1119204
112
1126827
1123
e ‘
1400

s o |
tansy
Teien s

L ——

NP1 2022

N3 2010

N2 21032

AR RUS-

RLERRINYIEY
NI
LLARP- 3 ]
NS 22020
N9L 2L
NOE X lais
112983
N4
NoS 126
1res 2y A

. .}

N9$.2.26- '
Nos 2243 !
Neslien

1000 00




Figure 6: Percent abundance of four most abundant marsh species in five
biofacies based on a 0-10 cm sample aliquot.
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statistically based Error-Weighted Maximum Likelihood (EWML) clustering
method fully described in Fishbein and Patterson (1993).

Five separate cluster analyses were carried out on the data, using 0-1
cm, 0-3 cm, 0-5 cm, 0-7 cm and 0-10 cm foraminiferal distribution data, to detect
possible effects of foraminiferal infaunal habitat and taphonomically induced

biasing on resultant biofacies solutions.

5.0 RESULTS AND DISCUSSION

5.1 PART 1: Downcore Foraminiferal Distribution Patterns

In order to accurately assess infaunal habitat of the various foraminiferal
species, and variations in their tot=! population, distributional trends displayed
by the four most abundant marsh species (Jadammina macrescens (Brady,
1870), Miliammina fusca (Brady, 1870), Trocharnmina inflata (Montagu, 1808)
and Haplophragmoides wilberti (Andersen, 1953)) will be discussed (Fig. 7
and Appendix 1).

5.1.1 Jadammina macrescens

Jadammina macrescens has a primarily infaunal habitat. The highest
abundances and percentages of living J. macrescens are found in cores N95-
1 and to a lesser extent N95-2 (up to 10.5%) collected in the high marsh. As J.
macrescens is most abundant in the high marsh, distributional trends are most
clearly identified here. To evaluate the depth where the majority of each
species resided, the depth above which 95% of specimens lived, as well as the
depth above which 50% of the population of each species lived was calculated.




Figure 7: Downcore species abundances in total forams/cc and percent live for
individual species of each core, as well as 50% and 95% of total percent live,
represented by solid and dashed lines respectively across cores. Overall
stratigraphy of the core is given beside each core (legend on page 35).
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This is indicated by the solid and straight lines respectively, across each graph
of downcore species abundances (Fig. 7). Although most live J. macrescens
are found from 0-20 cm deep in the high marsh setting and from 0-11 cm in the
low marsh setting , the main depth preference is from 2-8 cm as indicated by a
slight "bulge” in the smoothed curve (Core 1-1 in Fig. 7) and by the average
depth of infaunal habitat (see Cores 1-1, N95-1 and N95-2 in Fig. 7).

Under steady state conditions, unless taphonomic processes interfere,
infaunal species will have abundances that increase down to preferred habitat
depth, and then remain constant below that depth. Should taphonomic
processes be at work, then a certain proportion of each species production will
be destroyed and species abundance patterns will resemble the dashed lines
in Fig. 8 (Loubere, 1989). By comparing the trend of J. macrescens with the
trend in Fig. 8b, it can be concluded that there are taphonomic processes at
work. Because both living populations and the total population (live plus dead)
of J. macrescens decrease downcore, there is evidence of some taphonomic
biasing.

Trochammina salsa (Brady, 1870) was grouped with J. macrescens in
the first transect analyzed because it was unclear that these were two distinct
species (Cores 1-1 through 1-5; Fig. 7). However, separate counts were made
in samples from cores N95-1 and N95-2 analyzed subsequent to a personal
communication from J. P. Guilbault. Interestingly, T. salsa and J. macrescens
show nearly identical infaunal living habitats and total population distribution
(Fig. 9), perhaps suggesting that a systematic reexamination of these species is
in order. For consistency and since they behave similarly, these species have

been lumped for the overall analysis.



Figure 8: Theoretical downcore foraminiferal test preservation profiles, after
Loubere, 1989. Solid line represents thecretical downcore foraminiferal test
preservation profile with no taphonomic biasing; dashed line represents
theoretical downcore foraminiferal test preservation profile with taphonomic
biasing.
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Figure 9: Downcore species abundance of Jadammina macrescens and
Trochammina salsa showing total forams/cc and percent live for two cores from
the high marsh.
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5.1.2 Trochammina inflata

Trochammina infiata was fairly abundant in all low marsh cores. On
average, T. inflata has a slightly deeper infaunal habitat than J. macrescens,
being most abundant between 4 and 9 cm, and showing little variation from
high to low marsh. However, based on the depth where 95% of the species
lived, most living T. inflata occur between 0 and 25 cm in the high marsh and
between 0 and 20 cm in the low marsh environment (see Cores 1-1 and 2-2;
Fig. 7). The average depth of in‘aunal habitat of T. inflata was 10 cm. This
observation is in agreement viith Golidstein (1988) who found 7. inflata living to
depths of 30 cm. In all cores, the total population trends for T. inflata closely
mirror declines in the total percent live trends downcore, illustrating strong

taphonomic biasing of T. inflata fossil faunas.

5.1.3 Haplophragmoides wilberti

Most common in the low marsh (see Cores 1-3; 1-4 and 1-5; Fig. 7),
Haplophragmoides wilberti also has an infaunal habitat. Although H. wilberti
lives at slightty shallcwer depths in a low marsh environment compared to the
high marsh, it is overall most abundant between 3 and 7 cm, being almost
absent near the surface in all cores. The infaunal habitat for this species
consistently averaged around § cm depth. H. wilbert,is primarily found between
0 and 15 cm in a high marsh setting, and between 0 and 12 cm in a low marsh
environment, as can be seen from the 95% line in Figure 7. In all cores, the
total population mirrors declines in the percent live trend downcore, indicating

the strong taphonomic effects on H. wilberti fossil populations.



5.1.4 Millammina fusca

Miliammina fusca is epifaunal. Populations of M. fusca in coves N95-1
and N95-2 are very low (with associated high standard errors) and thus they do
not give an accurate representation of this species’ distribution (Appendix 1).
Most live M. fusca are found between 0 and 10 cm (95%) but are most abundant
in the top 3 cm (50%). In contrast to live populations, total pcpulation remains
high in the subsurface. This indicates better resistance to taphonomic effects
and slightly better preservation potential than for J. macrescens, T. inflata and
H. wilberti. However, the total population declines dramatically at the base of
the cores indicating that taphonomic biasing can impact this species. In some
cores (e.g. cores N95-1, 1-1, 1-2,1-3) this is the resuit of higher marsh overain
by a lower marsh facies, however, in cores 2-1, 2-2, 1-4 and 1-5, there was no

change in the marsh but the trend is still observed.

5.1.5 General Distributional trends

Through analysis of total percent live vs. total population it is possible to
determine overall marsh foraminiferal taphonomic effects. In the high marsh
environment, 95% of living specimens tend to live slightly deeper infaunally (O-
24 cm) as compared to the low marsh environment (0-12 cm; Fig. 7) and this
holds true for individual species as well. The average depth of living
specimens is 2-6 cm. This may be due to more unfavorable surface conditions

in the higher marsh. There also appears to be a siight "bulge” in the percent

live occurring within the 2-7 cm interval due to these infaunal living habitats.
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This is in accord with Denne and Gupta (1989) who observed a similar ‘bulge"

in the 2-4 cm interval from samples taken in deep water from the Guif of Mexico.
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The preservation potential decreases from high to low marsh settings.
Overall, higher marsh cores (N956-2, N95-1, 2-1, 1-1) show very little change in
total population downcore, whereas low marsh cores (1-2 - 1-5; 2-2) show a
rapid decrease in species abundance downcore. This pattern is again the
result of species in the higher marsh tending to live deeper infaunally than in
the low marsh, and there are also greater numbers of infaunal vs. epifaunal

species.

5.2 PART 2: Comparison of Sampling intervals

In studies of deep sea foraminifera, there has been some uncertainty
regarding the thickness of the below-surface interval that provides the best
analogue for fossil faunas. For example, Denne and Gupta, (1989) observed
that the differences in population densities in cores from the same area could
be attributed to surface sampling intervals, rather than variation in fossil faunas.
They observed that some researchers sampled 0-1, 0-2 or 0-5 cm below the
sediment-water interface, with each interval providing different results (Denne
and Gupta, 1989). They concluded that although the 0-1 cm interval may vield
more accurate information about distribution of epifaunal specimens currently
living in the area, information about infaunal species will be low. Thus biofacies
distributions, determined for relatively thick (2, 5 or 10 cm deep) sediment
layers are more useful analogues of fossil biofacies distribution for
paleoecological applications (Denne and Gupta, 1989)

From the infaunal distributional results reported in the previous section, it
is obvious that a fossil foraminiferal biofacies assignment based on only the
uppermost 0-1 tm will not provide a highly resolved identification of marsh

characteristics. As the majority of species live several cm down in the
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subsurface, foraminiferal analysis of a thicker near-surface sediment layer
provides a better analogue for neotectonic and paleoecological applications.

Five cluster analyses of the foraminiferal data using 0-1, 0-3, 0-5, 0-7,
and 0-10 cm surface samples were carried out and five biofacies discriminated
within each case. These analyses were carried out 1) to demonstrate if the 0-1
cm below-surface sample is sufficient to characterize fossil faunas, and if not,

2) to determine which near-surface interval is most analogous of these
subsurface biofacies. Thzse analyses resulted in highly varied subsurface
biofacies assignments (Fig. 10). As expected, a dendrogram based on a 0-1 cm
surface interval resulted in many small and discontinuous marsh zones. Little
correlation between surface samples and core samples could be delineated,
and it was unclear whether observed changes were actually characteristic of
the core or artifacts of the analysis, the result of some infaunal marsh species
not being considered.

The second dendrogram was generated by lumping samples from the 0-
3 cm interval in each core together thus partially taking the infaunal habitat of
some foraminiferal species into consideration (Fig. 10). Biofacies resolution is
clearer based on this interval, as many of the discontinuous zones have
disappeared. Some biofacies could aiso be clearly traced between cores using
this grouping.

The third dendrogram was based on grouping the top 5 cm in each core
and included even more infaunal components (Fig. 10). Correlation between
cores was further improved resulting in more realistic sea level change records.
The fourth and fifth dendrograms produced were based on grouping the top 7
and 10 cm of each core, respectively (Fig. 5,10). Both of these groupings
eliminated much of the noise in the data, and still provided a good indication of

biofacies distribution in the marsh. Although results of both clusters are similar,



Figure 10: Zonation of each core based on biofacies analysis of sample
intervals 0-1 cm, 0-3 cm, 0-5 cm, 0-7 cm, and 0-10 cm, below sediment-water
interface.
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it is suggested that the 0-10 cm sampling interval more accurately reflects the
infaunal characteristics of many species of marsh foraminifera, as 95% of live
foraminifera are found in the upper 10-15 cm of the surface sediments. This
interval is also thin enough that epifaunal species (e.g. M. fusca) are not under-

represented in the analysis (Fig. 10).

6.0 CONCLUSIONS

1. Strong taphonomic biasing greatly decreases the preservation
potential of many marsh foraminifera species. These taphonomic effects are

higher in a low marsh environment than in a high marsh environment.

2. Individual infaunal marsh foraminifera species (T. inflata, J.
macrescens, T. salsa, H. wilberti) have a slightly deeper infaunal habitat in a
high marsh than in a low marsh. M. fusca remains epifaunal regardless of the

environment.

3. Ninety-five percent of foraminifera species in a marsh of the Nanaimo area
live within the 0-10 or 15 cm sub-surface interval. Based on results of cluster
analysis, and the infaunal habitat of many marsh foraminifera, it is necessary to
take near-surface samples in marsh environments to a depth of 1 <:n to obtain
a representative samples. Sampling only the uppermost 0-1 cm will not give an
accurate representation of marsh species. This will allow researchers to
delineate both subtle and dramatic sea level changes more precisely, which is
critical to differentiating a magnitude of seismic events and also to represent

subtle eustatic events as well.
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APPENDIX 2: Glossary of terms

Biofacies: An ecological association of fossils; the biological aspect or fossil
character of a stratigraphic facies.

Epifaunal: Organisms that live on the surface sediment.

Infaunal:  Organisms whose habitat is below the sediment surface; and lives
in the sediment.

Marsh: A low coastal grassland frequently inundated by the tide.
Foraminiferal populations in salt marshes are highly zoned according to
parameters such as salinity, pH, temperature and oxygen concentration.
Foraminiferal researchers and botanists have subjectively subdivided marshes
according to the species found at varying elevations (e.g. high marsh, low high
marsh, high low marsh, low marsh and low low marsh).

Taphonomy:The study of the transition of all or part of an organism, from the
biosphere into the lithosphere.








