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Abstract 

In the tidally influenced Fraser River and adjacent Strait of Georgia (SoG), Canada, 

palynological and carbon isotope (δ13Corg) signatures of channel-margin sediments are 

compared to environmental parameters (e.g., substrate grain size, water salinity) in 

order to establish how these vary across the tidal-fluvial transition. Palynological 

assemblages in both the Fraser River and SoG (delta front and prodelta) are dominated 

by tree pollen, which comprises between 85% and 95% of all assemblages. Relative 

abundances of marine dinocysts are markedly low, and the maximum abundance of 

dinocysts is 6.8% or 1,023 cysts g-1 of sediment in samples recovered from the prodelta. 

Dinocyst abundances do not exceed 2% of the total palynological assemblage in the 

Fraser River, and the number and diversity of dinocysts gradually decreases landward. 

Organic carbon-13 enrichment values range from -26.55‰ in sediments deposited in the 

freshwater-tidal reach of the Fraser River, to -21.08‰ in prodeltaic sediments. The 

δ13Corg and palynological signatures of river, delta front, and prodelta sediments indicate 

a dominance of terrestrially sourced organic matter regardless of brackish-water and 

tidal influence on sediment deposition. 

Keywords:  Dinoflagellate cysts; pollen; carbon isotopes; Lower Fraser River and 
delta, marginal-marine; inclined heterolithic stratification 
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1. Introduction, Study Area, 
Background Information, and Methodology 

1.1. Introduction 

Palynology and geochemistry, when combined with sedimentology and 

ichnology, can aid in facies analysis and in paleoenvironmental interpretations. In mixed-

influence, marginal-marine settings, the delivery of allochthonous organic material via 

fluvial or tidal flow produces distinctive palynological and geochemical signatures in 

sediments across the tidal-fluvial transition. These signatures can be employed to 

determine the provenance of organic matter and give insights into the relative control of 

fluvial and tidal processes on sediment deposition. In the rock record, differentiating 

marine and continental (non-marine) deposits is relatively straightforward using 

sedimentological, ichnological, and/or palynological data. However, recognizing varying 

degrees of tidal deposition or brackish-water incursion in marginal-marine settings is 

significantly more challenging.  

This thesis is an integrated study of the palynology and geochemistry, and to a 

lesser extent the sedimentology, of sediments deposited along the margins of the lower 

Fraser River, British Columbia, Canada, a tide- and brackish-water-influenced system. In 

this study, I measured palynological and geochemical signatures on bars in the brackish-

water reaches of three of the four Fraser River distributary channels as well as the 

freshwater-tidal part of the system. Palynological assessments include relative and 

absolute abundances of allochthonous, marine- and brackish-water dinocyst, and 

continental palynomorphs (spores and pollen). Variability in palynomorph assemblages 

throughout the channels is identified and compared to the geographic location and 

physiochemical conditions at each site. Physicochemical parameters considered in this 

study include: grain size, salinity, tidal amplitude, organic carbon sources, and distance 

from the Strait of Georgia. The main purpose of my research is to answer the following 

questions: 
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1) What, if any, palynological and geochemical trends exist? Do any of 
these trends correlate to hydrodynamic conditions across the 
depositional profile of the lower Fraser River and delta? 

2) How does the palynological signature compare to the geochemical 
one? Is it possible to conclude which parameter best reflects the 
degree of tidal and/or saltwater influence on sediment deposition? 

3) Is the palynological and geochemical signature strong enough to 
develop a predictive model for determining relative depositional 
position in analogous deposits in the rock record? 

1.2. Study Area 

1.2.1. Physiography 

The lower Fraser River in southwest British Columbia (Fig. 1.1) is a dynamic 

system influenced by fluvial and tidal processes. The river, more than 1,200 km in 

length, drains approximately 228,000 km2 of mountainous terrain and is primarily 

sourced from snowmelt (Dashtgard et al., 2012). In the lower reaches, the river 

bifurcates into 2 major distributaries; the North Arm, carrying approximately 12% of total 

river flow, and the Main Channel with approximately 88% of river flow. The North Arm 

further bifurcates into the Middle Arm (5% of flow) and the North Arm (7% of flow), and 

the Main Channel separates into the Main Channel (70% of flow) and Canoe Passage 

(remaining 18% of flow; WCHL, 1977). 
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Figure 1.1: Study Area 
Regional map of the lower Fraser River and Delta (Clague et al., 1983). 
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The Fraser delta is bound to the north by the Coast Mountains, to the west by the 

Strait of Georgia, and is surrounded to the south and southeast by the Cascade 

Mountains (Fig. 1.1; Clague et al., 1983). The delta encompasses approximately 1,000 

km2, and consists of a non-tidal upper delta plain, and tidal flats of the lower delta plain. 

The lower delta plain tidal flats extend subtidally as part of the upper delta front, before 

terminating at a break in slope approximately 9 km seaward of the upper delta plain salt 

marsh. The slope of the delta front varies between 1° and 23°, and terminates at a break 

in slope, approximately 150 m below sea level. Below 150 m is the prodelta, which 

grades into seafloor deposits of the SoG (Ayranci and Dashtgard, in review).  

The Strait of Georgia (SoG) is a broad, relatively shallow (maximum 300-350 m 

deep), semi-enclosed basin situated between Vancouver Island and the southwest coast 

of British Columbia (Fig. 1.1). Seawater properties in the SoG such as dissolved nutrient 

content, dissolved oxygen, sea-surface temperature (SST), and sea surface salinity 

(SSS), have a significant impact on the distribution of marine palynomorphs (Radi et al., 

2007; Pospelova et al., 2010). Most of the water exchange between the SoG and the 

Pacific Ocean is through the Strait of Juan de Fuca (Johannessen and Macdonald, 

2009). The SoG contains a strongly stratified water column, typified by a seasonally 

variable abundance of freshwater (averaging 158 km3 year-1) and associated sediment 

input (10 to 30 x 109 kg year-1) from the Fraser River (Johannessen et al., 2003).  

1.2.2. Hydrodynamic Conditions 

Flow regimes of the Fraser River vary seasonally, resulting in differences in 

sediment load and composition. This seasonal variability in river discharge and sediment 

load can be observed in the study area because the Fraser River is entirely undammed 

(Milliman, 1980; Monahan et al., 1993). Sediment transported in the river is primarily 

sourced from coarse-grained Pleistocene-aged glacial deposits, exposed throughout the 

catchment basin, and to a much lesser extent from bank erosion (Milliman, 1980). The 

bed-material load is gravel dominated except for the last approximately 100 km of the 

river, after which it is sand dominated (Venditti et al., 2010). Most of the sediment load, 

between 12-30 million tonnes annually (avg. 17 million tonnes), is transported during the 

freshet: a period of elevated discharge associated with spring runoff (Milliman, 1980). 

Flow rates during the freshet reach up to 15,000 ms-1, whereas base flow, from late 
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summer to spring, is typically ~1,000 m3 s-1 (Dashtgard et al., 2012). In addition to higher 

flow rates, the freshet is characterized by a significant increase in the transport and 

deposition of sand. This marked increase in sand transport peaks at the onset of the 

freshet in mid May (Kostaschuk et al., 1989). During base flow, suspended silts and 

clays dominate the transported sediment load (McLean et al., 1999). 

 
Figure 1.2: Fraser River Hydrograph 
A hydrograph of the Fraser River showing mean discharge rates (blue) and mean daily suspended-sediment load 
(brown) at Mission in 1985.  (From Sisulak, 2011; modified from Kostaschuk et al., 1998). 

Tides within the SoG are mixed with a strong diurnal component. The tidal range 

varies from 2-5 m between neap and spring cycles. Saltwater incursion up the 

distributaries of the lower Fraser River extends as far landward as Annacis Island (up to 

30 km inland from the delta front) during spring tidal cycles and base flow (Kostaschuk 

and Atwood, 1990). Tidal influence decreases landward and with higher river discharge 

rates, but tides have been observed up to 120 km inland (Kostaschuk and Atwood, 

1990). The tidal backwater effect, or the force that attenuates the Fraser River flow, only 

extends approximately 100 km inland, coincident with the sand-gravel transition and an 

abrupt change in topographic slope near Sumas Mountain (Venditti et al., 2010).  
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1.2.3. Sedimentology 

General characteristics of point bar deposits: An overview of IHS  

Inclined heterolithic stratification comprises inclined packages of alternating mud 

and sand beds, accreted on mixed-load, meandering river point bars with variable tidal 

influence (Thomas et al., 1987; Smith, 1988; Smith et al., 2009; Hubbard et al., 2011). In 

cross-section, composite bedsets that comprise IHS are deposited on surfaces that 

typically dip at 1-12° into the channel, and change dip angle along the depth profile of 

the channel cut-bank (Fig. 1.3; Thomas et al., 1987; Brekke and Couch, 2011). The 

deposition of alternating mud and sand beds and bedsets in IHS develops in response to 

hydrodynamic conditions in the channel, including variations in the degree of tidal 

influence/cyclicity and/or seasonal fluctuations in fluvial discharge (Sisulak and 

Dashtgard, 2012). Fine-grained beds (silt, clay, fine-grained sand) are typically 

deposited during periods of lower energy such as base flow (Lettley et al., 2008). 

Conversely, coarser-grained sand beds are deposited during periods of higher energy 

flow such as the freshet (Brekke and Couch, 2011). Increasing tidal influence in the river 

commonly results in increasing mud deposition because the mixing of freshwater and 

saltwater causes suspended sediments to flocculate and settle out of the water column. 

Furthermore, tidal cycles are commonly manifest as rhythmic bedding in IHS deposits 

(Fig. 1.4; Smith, 1987).  
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Figure 1.3: Point bar model showing IHS 
Schematic diagram illustrating the morphology and grain-size distribution of a hypothetical point bar deposit. Six trends 
may occur: 1) downstream fining; 2) fining perpendicular to flow; 3) fining upward; 4) up-dip fining of individual, inclined 
beds; 5) fining upward of successive, coarse-grained units, perpendicular to inclined bounding surfaces; and, 6) fining 
upward of individual beds, perpendicular to inclined bounding surfaces (modified by Stephen Hubbard after Thomas et 
al., 1987). 
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Figure 1.4: Schematic diagram of estuarine point bar deposits 
Idealized point-bar deposits at different positions within estuarine environments. Variations in the sedimentological 
characteristics of IHS occur as a function of tidal versus fluvial influence (modified by Sisulak, 2011 after Smith, 1987). 

Fraser River: Main Arm 

Sedimentation patterns in the lower reaches of the Main Channel (South Arm 

Marshes [SAM]; Fig. 1.5) are predominantly controlled by seasonal cyclicity in fluvial 

discharge and associated sediment output (Sisulak, 2011; Sisulak and Dashtgard, 

2012). Sisulak (2011) observed that on the surface of the bar, sands were predominantly 

deposited during the freshet, and that mud deposition predominantly occurred when 

freshet discharge waned into more ambient flow conditions. The following 

sedimentological trends were observed in the SAM: 1) upwards-fining grain size trends, 

2) upwardly increase in thickness and deposition of mud beds 3) non-rhythmic bedding, 

and, 4) intra-bar increase in mud bed thickness and lateral continuity in the downstream 

direction (Fig. 1.6; Sisulak, 2011). Based on the above results, palynomorphs in the 
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fluvially dominated, tidally influenced reaches of the lower Fraser River are expected to 

be most abundant on the downstream end of the channel bars.  

 
Figure 1.5: South Arm Marshes and Middle Arm location map 
Schematic geographic/bathymetric map of the Fraser delta. The red box encompasses the South Arm Marshes (SAM), 
and the blue box encompasses the Middle Arm bars (modified from Sisulak, 2011). 
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Figure 1.6: Sedimentology of the South Arm Marshes 
A) Satellite image of the SAM showing upstream and downstream cross-section lines (source: Google Earth). Colored 
dots represent vibracore locations, and black circles represent locations of grab samples. B) Cross-section of the 
upstream side of the SAM. The zero mark is the maximum high tide (MHT) level. The blue line represents the average 
low tide (ALT) level, which is the approximate boundary between the intertidal and subtidal zones. Grain-size profiles 
are shown to extend further into the subtidal zone below the depth of the vibracores, and the profiles are based on 
grab sample data. Sediments deposited on the upstream side of the bar are predominantly sandy. C) Cross-section of 
the downstream side of the SAM. Mud beds on the downstream end of the SAM are comparatively thicker and more 
laterally continuous than on the upstream side of the bar. (Johnson, 2012, modified from Sisulak, 2011). 
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Fraser River: Middle Arm 

Sedimentation patterns in the Middle Arm, as identified by Johnson (2012), 

generally reflect strong tidal controls on sediment deposition. Six key sedimentological 

trends are observed along three point bars in the lower reaches of the Middle Arm (Fig. 

1.5; Johnson, 2012).  These include: 1) vertical grain-size fining trends, 2) the presence 

of laterally extensive mud beds (up to 1 km in length), 3) non-rhythmic and rhythmic 

bedding, 4) along-strike mud-sand-mud grain size profiles on the surface of each bar, 5) 

intra-bar increase in mud deposition in the downstream direction, and 6) inter-bar 

increase in mud deposition in the downstream direction (Fig. 1.7; Johnson, 2012).  In 

addition, sand bed thicknesses in the Middle Arm (up to 60 cm) are comparatively 

smaller than in the South Arm Marshes of the Main Channel (up to 1.6 m). The thinner 

sand beds in the Middle Arm, combined with the occurrence of rhythmic bedding 

patterns, reflects a comparatively lesser fluvial control on sediment deposition in the 

Middle Arm versus the Main Channel (Johnson, 2012). With a higher tidal influence on 

sediment deposition, it is expected that sediments deposited in the Middle Arm would 

show the strongest marine palynological signature throughout the lower Fraser River. 
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Figure 1.7: Sedimentology of the Middle Arm 
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A) Satellite image of the three Middle Arm bars studies by Johnson (2012), including: a channel-margin bar (CMB), an 
in-channel bar (ICB), and a point bar (PB). Cross-sections A-A’ and B-B’ are shown as colored lines, and colored dots 
represent vibracore locations. B) Cross-section A-A’ along the point bar. The zero mark represents the maximum high 
tide (MHT) level. The red line marks the average maximum low tide (AMLT) limit, which corresponds to the intertidal-
subtidal break. Cores across this bar are composed of muddy IHS. C) Cross section B-B’ along the in-channel bar. The 
bar is composed of IHS with subequal amounts of sand and mud. Mud beds on the downstream end of the bar are 
comparatively thicker and more laterally continuous than on the upstream side of the bar. Compared to PB, sediments 
of the upstream ICB are visibly sandier. (Modified from Johnson, 2012). 

Fraser River Delta Front and Prodelta  

Sediment distribution on the delta front and prodelta of the Fraser River delta is 

generally characterized by grain sizes that fine both downslope and with increasing 

distance from the distributary channels of the Fraser River (Mathews and Shepard, 

1962; Hart et al., 1998; Barrie and Currie, 2000; Barrie et al., 2005; Burd et al., 2008). 

The sedimentation rate on the delta front and prodelta ranges from 0 cm yr-1 to 13 cm yr-

1, with the highest values occurring seaward of the Main Channel (Hart et al., 1998). The 

seawards- and downslope-fining, grain-size distribution is due to variable sedimentation 

rates caused by differences in the size and specific gravity of transported grains. 

Coarser grains such as sands are preferentially deposited proximal to the shoreline, 

whereas fine-grained particulates, transported via washload, remain in suspension 

longer and gradually settle out further into the basin.  

The exception to this is the distinctive grain size difference between the north 

and south delta front, on either side of the Main Channel (Fig. 1.8; Barrie and Currie, 

2000). South of the Main Channel, the delta front is sandy, partly because of non-

deposition as well as a northward tidal transport of sand. This transported sand is 

captured in the submarine channel off the Main Channel, and does not reach the 

northern delta front (Hart et al., 1998; Barrie and Currie, 2000). As a result, the delta 

front North of the Main Channel is nearly entirely muddy (Fig. 1.8; Barrie and Currie, 

2000; Ayranci et al., 2012; Hill, 2012). Prodelta sediments consist of 

interlaminated/interbedded sandy- to clayey-silt, and are inclined parallel to the 

submarine slope (Luternauer, 1980). The prodelta experiences sedimentation rates 

between 0 and 1 cm yr-1, and in combination with the dominance of mud, is the part of 

the delta where palynomorphs would be expected in the highest abundances.  
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Figure 1.8: Sedimentology of the Fraser River delta front and prodelta 
The grain size distribution of sediments deposited in the lower delta plain and prodelta of the Fraser delta. A) 
Distribution of silt on the Fraser delta. Note the higher percentage of silt deposited to the northern delta front. B) 
Distribution of sand on the Fraser delta. Note the high percentage of sand deposited in the lower delta plain, closest to 
the mouths of the Fraser River distributary channels.  (Modified from Barrie and Currie, 2000).  

1.2.4. Palynology 

Palynological studies in the Strait of Georgia generally indicate a dominance of 

cysts of heterotrophic taxa each spring (Radi et al., 2007; Pospelova et al., 2010; Price 

and Pospelova, 2011). This dominance of heterotrophic taxa is likely sustained by 

abundant food availability (e.g., diatoms) and/or because of a bias against autotrophic 

taxa caused by reduced light penetration through the turbid surface water of the Fraser 

River plume (Radi et al., 2007). Elevated numbers of heterotrophic taxa result from 

elevated nutrient concentrations within the SoG that are, in turn, caused by seasonal 

upwelling cycles and anthropogenic nutrient influx from the urbanized coastline 

(Pospelova et al., 2010).  

Prodeltaic sediments of the Fraser River Delta predominantly contain terrestrially 

derived palynomorphs (e.g. pollen and spores), and subordinate, autochthonous 

populations of marine dinoflagellates (Hutchinson et al., 1998). Commonly identified cyst 

taxa include: autotrophic Spiniferites ramosus, Operculodinium centrocarpum sensu 

Wall and Dale (1966), cysts of Alexandrium spp. (responsible for toxic red tides), 

Pentapharsodinium dalei, and heterotrophic Brigantedinium spp., Quinquecuspis 

concreta, and Echinidinium spp.. Radii et al. (2007) observed that cyst concentrations in 

the SoG range from 200 to 13,000 cysts g-1, with an average of ~3,000 cysts g-1. The 

diversity of dinocyst taxa in each sample varied from 9 to 22. 
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Despite extensive research on the palynology of the subtidal Fraser River Delta, 

there is little information available regarding microfaunal and palynological assemblages 

on channel-margins within the tide-influenced, brackish water, and freshwater reaches of 

the river. Hutchinson et al. (1998) observed that channel banks along the river contain 

palynomorphs derived from riparian woodland biota, including alders, spruces, and 

ferns. Hutchison et al. (1998) also noted that the delta plain/tidal flat assemblages 

comprise allochtonous deposits of fresh and fresh-brackish palynomorphs derived form 

distributary channel margins and brackish marshes. 

1.3. Methodology 

1.3.1. Sample Collection 

The distribution of palynomorphs in sediments is dependent on their physical 

properties (size, specific gravity, shape), and environmental conditions (depositional 

energy, fluid dynamics) at the site and time of deposition (Muller, 1959; Davis and 

Brubaker, 1973; Tett et al., 1993). In order to maximize the number of marine dinocysts 

recovered, sediment samples were collected in late March and early May of 2012. This 

timing reflected environmental conditions near to but after the spring dinocyst bloom and 

before the early stages of the freshet (Fig. 1.2).  

A total of 48 samples were collected from nine channel-margin bars along the 

lower reaches of the Fraser River, and from five piston cores from the delta front (40-70 

m water depth) and prodelta (180-280 m water depth; Fig. 1.9, Appendix A). On 

individual bars, sampling locations were approximately 150 m apart (Figs. 1.10-1.18). 

Samples along the river were collected from the lowermost portion of the intertidal zone 

during low-low tide of spring tidal cycles. Muddy sediments were preferentially sampled 

because palynomorphs act hydrodynamically like silt-sized particles (Fig. 1.19). At sand-

dominated sampling sites along the river, sediment was scraped back up to 0.1 m below 

the ground surface, in order to expose the uppermost mud-rich layer, and this mud was 

sampled. Piston cores were provided by the Geological Survey of Canada, Pacific 

Division. In the cores, mud beds were sampled from both the upper and lower 0.5 m of 

each core (Fig. 1.20), resulting in a total of nine samples from the delta front and 
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prodelta. All samples were collected in plastic bags and refrigerated at 4°C (for 

palynological analysis) or frozen (for geochemical analysis). Data are provided as 

Appendices A and B.  

 
Figure 1.9: Sampling locations map 
Map of the Fraser River and delta in British Columbia, Canada. The red dashed lines outline zones 1 (Z1) through 5 
(Z5), individual bars and piston cores are defined as “A”, “B”, etc., and the green circles mark individual sampling 
locations. The purple line in the river denotes the maximum saltwater incursion. The terminus location of the river 
(kilometer zero) is marked with a yellow star. The inset maps show the position of the Fraser River and its delta in 
British Columbia and in Canada. The grey-scale image below Z1 and Z2 is a backscatter image of seafloor topography 
on the delta front and prodelta 
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Figure 1.10: Satellite image of Bar A in Zone 3 
Individual sampling stations are marked in blue. (Image source: Google Earth.) 

 
Figure 1.11: Satellite image of Bar B in Zone 3 
Individual sampling stations are marked in blue. (Image source: Google Earth.) 
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Figure 1.12: Satellite image of Bar C in Zone 3 
Individual sampling stations are marked in blue. (Image source: Google Earth.) 

 
Figure 1.13: Satellite image of Bar A in Zone 4 
Individual sampling stations are marked in blue. (Image source: Google Earth.) 
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Figure 1.14: Satellite image of Bar B in Zone 4 
Individual sampling stations are marked in blue. (Image source: Google Earth.) 

 
Figure 1.15: Satellite image of Bar C in Zone 4 
Individual sampling stations are marked in blue. (Image source: Google Earth.) 
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Figure 1.16: Satellite image of Bar A in Zone 5 
Individual sampling stations are marked in blue. (Image source: Google Earth.) 

 
Figure 1.17: Satellite image of Bar B in Zone 5 
Individual sampling stations are marked in blue. (Image source: Google Earth.) 
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Figure 1.18: Satellite image of Bar C in Zone 5 
Individual sampling stations are marked in blue. (Image source: Google Earth.) 
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Figure 1.19: Surface mud sampling photograph 
Photograph of sampling location Z3-A-6, showing a ripple with mud deposited in the trough. This mud would have been 
scraped back and collected for analysis. 
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Figure 1.20: Piston core sampling photograph 
Photograph of piston core sampling. Cores were provided by the Geological Survey of Canada, Pacific Division. 

Sampling locations within the river and SoG are grouped into 5 zones (Z1 to Z5, 

Fig. 1.9; Table 1.1). Each zone is characterized by distinctive salinity and tidal conditions 

(Hughes and Ages, 1975; Ages, 1979; Milliman, 1980; Kostaschuk et al., 1989; 

Kostaschuk and Atwood, 1990; Ayranci et al., 2012), and/or shared sedimentological 

and ichnological characteristics (Hart and Barrie, 1995; Hart et al., 1998; Barrie et al., 

2005; Dashtgard et al., 2012; Johnson, 2012; Sisulak and Dashtgard, 2012). For each 

zone, the length of exposure to brackish water (of varying salinities) is considered. 

Prolonged exposure refers to exposures between 6-9 months, and periodic exposures 

refer to exposures of up to 3 months (Table 1.1). Within each zone, individual bars or 

piston cores are defined as “A”, “B”, etc. (Fig. 1.9), and individual sampling stations are 

referred to as “S1”, “S2”, etc. Consequently, sampling station Z5-B-S3 refers to Station 3 

on Bar B in Zone 5. 
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Table 1.1: Fraser River and delta zone descriptions 

Zone 
# Location Depth 

(m) Salinity Description 
Salinity range 
during base 
flow (psu) 

Salinity range 
during 

freshet (psu) 

1 Strait of 
Georgia 

180-280 euhaline 30 - 31 30 - 31 

2 40-70 euhaline 29 - 30 29 - 30 

3 

Lower 
Fraser 
River 

intertidal prolonged polyhaline - 
mesohaline; periodic freshwater 7 - 18 0.5 - 5 

4 intertidal 
prolonged mesohaline - 
oligohaline; periodic to 
prolonged freshwater  

0 - 7 0 

5 intertidal sustained freshwater - tidal  0 0 

Note.  The five zones that encompass all samples from the lower Fraser River and Strait of Georgia are 
described. Boundaries between zones are gradational. Exposures to different physio-chemical conditions 
within each zone vary seasonally and with tidal cycles. The adjective “prolonged” indicates a time period of 
6-9 months, and “periodic” is used for up to 3 months. For example, absent to periodic freshwater in Zone 3 
indicates that bars in that zone are exposed to freshwater for up to 3 months of the year. 

1.3.2. Sample Preparation and Analysis 

Palynology 

Samples for palynological analysis were either air dried (piston cores), or were 

placed into pre-weighed, 50 ml conical polypropylene tubes and dried at 45°C for 4.5 

days (surface samples). Dried samples were weighed, soaked in distilled water, and 

refrigerated prior to processing. Samples were processed at the 

Paleoenvironmental/Marine Palynology Laboratory at the University of Victoria in 

accordance with a standardized palynological processing technique (Fig. 1.21; 

Pospelova et al., 2004; Pospelova et al., 2005). 
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Figure 1.21: Palynology sample processing 
Photographs of palynological sample processing at the University of Victoria, Paleoenvironmental/Marine Palynology 
Laboratory. A. Raw sediment sample prior to processing. B. Removal of coarse (>120 μm) and fine (<15 μm) fractions 
by sieving. C. Chemical processing with HCL and HF. D. Centrifuge. E. Sonicating bath for removal of residual fines. E. 
Organic residue following chemical processing. 
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Samples were sieved to remove coarse (>120 μm) and fine (<15 μm) grain-size 

fractions. Once sieved, two tablets with known quantities of Lycopodium clavatum 

spores (batch #177745) were added to each sample to provide marker grains for 

statistical analysis and as a processing control (Stockmarr, 1971; Mertens et al., 2009; 

Mertens et al., 2012a). To remove residual carbonates in the sediment and from 

Lycopodium clavatum tablets, samples were soaked in 10% HCl, centrifuged, and rinsed 

three times with distilled water. Samples were then soaked in 48% HF (at room 

temperature), and periodically stirred for 13 days to remove silicates such as clay 

particles and diatoms. To remove any silicoflouride precipitated during the HF treatment, 

samples were again soaked in HCl, centrifuged, and rinsed twice with distilled water. 

Acetolysis treatment was avoided during processing because it alters more delicate 

dinocysts (Marret, 1993). Following chemical processing, all samples were sonicated 

through a 15 μm sieve for up to 30 seconds. Sonification was limited to 30 seconds to 

avoid damaging the grains, and if required, samples were additionally sieved by rinsing 

distilled water through the sieve. Following chemical processing and sieving, residual 

mineral grains in coarser-grained sediment samples were mechanically removed by 

agitating the sample and decanting out the lighter organic grains prior to settlement. 

Aliquots of 1-2 drops of residue mounted in glycerine gel were placed on glass slides, 

covered, and then sealed.  

Slides were examined at 400x magnification using an Olympus BX41 transmitted 

light microscope. A minimum of 300 palynomorphs (excluding Lycopodium clavatum 

spores) were identified and counted for each sampling location. This number is expected 

to yield an adequate statistical representation of the total palynological population by 

decreasing the influence of heterogeneities in population variances (Jaramillo, 2008). As 

such, three samples (Z5-B-S1, Z5-B-S3, and Z3-B-S3) are excluded from palynological 

counts due to insufficient organic content in the sediment (Appendix A). For each slide, 

individual specimens were counted if at least half of the grain was preserved. Re-worked 

dinocysts, easily recognizable by their flattened appearance and distinctive yellowish 

colour, were not included in counts. Terrigenous palynomorphs were identified to the 

genus level and, where possible, dinocysts were identified to the species level (Table 

1.2; Fig. 1.22). B. cariacoense, B. simplex and Brigantedinium spp. were grouped into 

Brigantedinium spp. because cyst orientation or folding frequently obscured the 
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archeopyle, thus preventing identification to species level.  Dinocyst identifications follow 

the paleontological taxonomic system used by Pospelova et al. (2010). Cyst-theca 

(dinocyst-dinoflagellate) equivalents are outlined in Table 1.2. 

Table 1.2: Dinoflagellate cyst-theca equivalents 

Cyst species 
(Paleontological Name)  

Corresponding 
Dinoflagellate Theca 

(Biological Name) 
Dinoflagellate 
trophic mode 

Dinocyst  Abundance 
(%) 

Lower 
Fraser 
River 

Strait of 
Georgia 

Alexandrium spp. (cyst & theca) 

Autotrophic 

83 2 

Pentapharsodinium dalei (cyst & theca) 4 8 

 Operculodinium 
centrocarpum sensu Wall 

and Dale, 1996  
Protoceratium reticulatum 4 15 

Spiniferites spp.  Gonyaulax complex 0 16 

Brigantedinium simplex  Protoperidinium 
conicoides 

Heterotrophic 

1 3 

Polykrikos schwartzii (cyst & theca) sensu Matsuoka et 
al., 2009 0 6 

Quinquecuspis concreta  Protoperidinium leonis 0 5 
Selenopemphix quanta  Protoperidinium conicum 0 1 

Protoperidinium minutum (cyst & theca) sensu Ribiero et 
al., 2010 1 0 

Echinidinium spp.  Protoperidinium sp. indet. 3 44 
 Protoperidinium fukuyoi (cyst & theca) 1 0 

Archaeperidinium saanichii (cyst & theca) 1 0 
Note.   Taxonomic citation of dinoflagellate cysts and their theca equivalents identified in this study. Thecal 
equivalents are taken from Head (1996), Zonneveld (1997), Rochon (1999), Pospelova and Head (2002), 
Matsuoka et al. (2009), Ribiero et al. (2010), Mertens et al. (2012b), and Mertens et al. (2013). Relative 
abundances of each dinocyst taxa in the lower Fraser River and Strait of Georgia sediments are shown as 
percentages of the total dinocyst assemblage from those locales. The Strait of Georgia includes samples 
from zones 1 and 2, and the Lower Fraser River includes samples from zones 3, 4 and 5 (Fig. 1.9). 
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Figure 1.22: Terrigenous palynofloral groups 
Bright-field photomicrographs of terrigenous palyflora subdivided into groups. Scale bars are 10 µm. Trees: 1. Pinus, 2. 
Picea, 3. Abies, 4. Cupressaceae, 5. Tsuga heterophylla, 6. Alnus. Herbs and Shrubs: 7. Cyperaceae, 8. Poaceae, 9. 
Typha. Spores: 10. Polypodiaceae, 11. Pteridium, 12. Lycopodium clavatum (exotic spore). 
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The relative abundance of dinocysts in each palynological assemblage was 

calculated by dividing the number of dinocysts by the total number of palynomorphs 

counted in each sample. The concentration of dinocysts per gram of sediment, referred 

to as absolute abundance, was calculated from: 

c =  
dc ∙  Lt ∙ t

Lc ∙ w
 

where: 

c = concentration of cysts g-1 of dry sediment 

dc = number of dinocysts counted 

Lt = number of Lycopodium spores per tablet 

t = number of tablets added to the sample 

Lc = number of Lycopodium spores counted 

w = dry weight of sediment (g) 

Relative and absolute abundances were compared across the study area to help 

quantify spatial population variability. Absolute abundance values, however, do not 

reflect the differential sedimentation rates between environments/zones and 

consequently, areas with higher sedimentation rates experience a higher degree of 

terrigenous dilution that could underemphasize the amount of observable dinocysts. 

Depositional energies were therefore taken into consideration when comparing results. 

Dinocyst taxa diversity was assessed using species richness. Species Richness (SR) 

reflects the total number of dinocyst species found in a palynological assemblage, and is 

simply determined by totaling the number of cyst species found in a sample.  

The standard deviation of palynological groups about the mean (as percentages) 

was calculated for individual bars to determine the uniformity in palynomorph 

distributions on each bar. Standard deviation values are typically interpreted relative to 

each other, and values are less representative with decreasing sample size. Lower 

values indicate a more homogeneous distribution of that palynomorph group across a 

bar. The standard deviation was calculated from: 
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σ = �Σ(x − x�)2

n − 1
 

where: 

σ = Standard Deviation 

x = percentage of the total assemblage made up of one group 

x̄ = mean of percentage 

n = total number samples  

Although muddy sediments were preferentially sampled, some sites contained 

only sandy sediments that may have yielded biased results owing to the lower 

concentration of palynomorphs in these grain sizes (Fig. 1.23). Moreover, the difference 

in river discharge between the two sampling times in March (~1,000 m3 s-1) and May 

(~6,000 m3 s-1) of 2012 could have resulted in terrigenous dilution of the palynological 

assemblages collected in May because of higher sedimentation rates at that time. It is, 

therefore, possible that marine palynological and geochemical signatures from samples 

collected in May are diluted. Data are nonetheless comparable because only Middle Arm 

samples were collected in March, and all remaining samples in the Main Arm were 

collected in May.  

 
Figure 1.23: Palynomorph content versus sediment grain size 
Log-linear graph of the absolute abundance of palynomorphs versus sediment grain size (in mm). Note the exponential 
increase in the number of palynomorphs with decreasing sediment grain size. 
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Grain Size 

Sediments for grain-size analysis were oven dried at 90°C for 24-48 hours. Dried 

samples were soaked in 30% H202 for approximately 4 hours to remove organic material. 

Samples were then treated with a solution of 0.5% Sodium Hexametaphosphate 

(NaPO3)13Na20), vigorously stirred, and then left to stand for 24 hours. Grain-size 

analysis was completed via laser diffraction in a Malvern Mastersizer® 2000 (Fig. 1.24). 

Recorded grain-size fractions were entered into GRADISTAT (Blott and Pye, 2001), and 

the average grain-size values presented herein were determined using the Folk and 

Ward (1957) graphical measure based on a log-normal distribution of metric size values. 

The percent mud values herein constitute the sum of silt and clay percentages in a 

sediment sample.  

 
Figure 1.24: Grain size analysis 
Photograph of the Malvern Mastersizer® 2000 used for grain size analysis. 

Geochemistry 

Samples for geochemical analysis were processed at the Pacific Centre for 

Isotopic and Geochemical Research (PCIGR) at the University of British Columbia, 
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Canada. Sediment samples were freeze dried, powdered, treated with 10% HCl to 

remove carbonates, and subsequently oven dried at 50°C (Fig. 1.25). Samples were 

then analyzed for 13C isotope enrichment (δ13Corg). Carbon isotope values are expressed 

in per mil (‰), and define the deviation from the measured carbon-12 to carbon-13 ratio 

of the standard: the Pee Dee Belemnite (PDB). Carbon-13 enrichment values are 

calculated using the following equation: 

δ13C (‰) =  
Rsample − Rstandard

Rstandard
 ∙  1000 

where, R = 13C/12C 

In order to use stable isotope ratios to determine organic matter provenance, two 

basic assumptions are made: 1) isotopic compositions reflect the physical mixing of 

discrete end-member sources; and 2) the isotopic ratios are conservative (Cifuentes et 

al., 1988; Thornton and McManus, 1994). These assumptions are applicable to this 

study, because organic carbon in the SoG and Fraser River is derived from either in situ 

primary production (marine-sourced carbon) or from Fraser River discharge (terrestrially 

sourced carbon; Johannessen et al., 2003). Determining the provenance of organic 

material in sediments is possible by comparing measured δ13Corg signatures against the 

following expected source signatures: terrestrial (-26 to -27 ‰) and marine (-20 to -22 

‰) (Cifuentes et al., 1988; Chmura and Aharon, 1995; Pospelova et al., 2002). 

 
Figure 1.25: Geochemistry sample processing 
Photographs of grinding process in preparation for isotopic analysis at the Pacific Centre for Isotopic and Geochemical 
Research at the University of British Columbia. A. Sample grinding containers. B. Grinding machine. C. Ground 
sediment sample. 
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Other Data 

River kilometer values landward of 21.78 km were measured using a geospatial 

grid provided by Jeremy Venditti (pers. comm.). Kilometer zero, located at Sand Heads 

(Fig. 1.9), represents the upper delta front, and thus the termination point of the Fraser 

River. River kilometer values for SoG samples, shown as negative values, were 

measured orthogonally from the low-low tide limit, which is situated close to the lower 

delta plain to delta front break in slope. Salinity values are based on previous studies 

conducted by Hughes and Ages (1975), Ages (1979), Milliman (1980), Kostaschuk and 

Atwood (1990), and Ayranci and Dashtgard (2012). 
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2. Introduction to and applications of palynology 

Both physical and biological criteria are commonly employed in facies analysis 

and in paleoenvironmental interpretations of the rock record. In particular, 

sedimentological and ichnological analyses are employed because they provide in situ 

evidence of depositional conditions, and hence can be used to define facies and 

depositional environments. Despite widespread utility, however, sedimentological and 

ichnological characteristics are commonly not diagnostic of individual depositional 

environments (MacEachern et al., 1999a). Palynology, the study of organic-walled 

microfossils, is a valuable tool in paleoenvironmental interpretations because 

microfossils are ubiquitous in most environments and are generally well preserved in the 

rock record. Palynology is a major component of biostratigraphy, but its also useful in 

studies of paleogeography, paleoclimatology, paleoecology, tectonics, eustasy, and 

hydrocarbon generation, amongst others. The following chapter introduces the basic 

concepts of palynology and discusses its applicability using examples from ancient 

deposits. 

2.1. Palynology defined: 

Palynology is the study of pollen, spores, dinoflagellates, and other microscopic 

organic-walled palynomorphs. Palynomorphs can be planktonic, benthic, or terrestrial 

and are subdivided into marine or non-marine groups according to their provenance 

(MacDonald, 1990; Loboziak et al., 2005). Palynofloral and microfaunal assemblages 

are either deposited near the site of origin (autochthonous) or transported and deposited 

in a different location (allochthonous; Hutchinson et al., 1998). Assemblages of 

allochthonous palynomorphs provide an observable link between continental, 

transitional, and fully marine deposits because they can be transported significant 

distances into adjacent depositional environments (Loboziak et al., 2005). In ancient 

deposits, allochthonous palynomorphs provide a proxy for establishing the approximate 
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paleogeographic location of sediment deposition in ancient mixed-influence depositional 

environments, such as estuaries and deltas. This is because the presence of terrestrial, 

low-salinity tolerant, and marine palynomorphs vary as a function of marine influence, 

and relative proportions of these micro-organisms are considered to reflect the relative 

extent of tidal and fluvial influence on sediment deposition (Fig. 2.1; Demchuk et al., 

2008).  

 
Figure 2.1: Schematic of marginal-marine palynomorph distribution 
Proposed palynomorph distribution across a theoretical depositional profile (hinterland to the marine realm) during the 
Cretaceous (from Demchuk et al., 2008; modified from Michoux, 2002). 

2.2. Palynomorph groups and preservation potential 

2.2.1. Non-marine palynomorphs 

Terrestrial palynomorphs such as pollen and spores are components of the 

reproductive bodies of vascular and non-vascular plants. Pollen grains are the male 

gametophytes of seed-bearing plants such as angiosperms (flowering plants) and 

gymnosperms (conifers and cycads). Spores are the gametophytes of bryophytes and 
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pteridophytes such as club mosses, horsetails and ferns (MacDonald, 1990). In the rock 

record, pollen and spores are generally well preserved due to the chemically resistant 

substance, sporopollenin, that constitutes their outer walls (MacDonald, 1990; Kapp et 

al., 2000). Sporopollenin contains polymers of fatty acids of high molecular weight, and 

thus, protects the protoplasm of the palynomorph from physical damage and/or drying 

during transport. In addition, sporopollenin resists chemical and biological degradation 

under anaerobic conditions (Kapp et al., 2000). 

2.2.2. Marine palynomorphs 

Dinoflagellates are single-celled microorganisms (protists) that are autotrophic, 

heterotrophic, or a combination of both, referred to as mixotrophic (Rochon et al., 2008; 

Pospelova et al., 2010). Although most living dinoflagellates are marine in origin, they 

can live in a variety of aqueous environments with salinities ranging from freshwater to 

euhaline (Taylor, 1987; Rochon et al., 2008). Coastal dinoflagellates are commonly 

euryhaline and have adapted to survive in a range of brackish-water salinities (Taylor, 

1987; Dale, 1996; Mudie et al., 2002; Rochon et al., 2008). Dinoflagellates generally 

occur as motile biflagellate cells, but some species produce non-motile resting cysts in 

their life cycles (Fig. 2.2; Pfiester, 1984; Kapp et al., 2000; Pospelova et al., 2010). 

Dormant cysts, referred to as dinocysts, have thick external walls composed of an 

organic material called dinosporin (Rochon et al., 2008). Dinosporin, similar in 

composition to the walls of spores and pollen, is a complex aromatic biopolymer that is 

resistant to strong acids and bases (Pfiester, 1984; Goodman, 1987; Marret and 

Zonneveld, 2003; Rochon et al., 2008). As such, dinocysts are often preserved in the 

rock record (Bujak and Williams, 1981; Pospelova et al., 2010). Conversely, motile 

dinoflagellates (free-swimming forms) have a significantly lower preservation potential 

because they lack dinosporin and are generally destroyed by bacterial decomposition 

before fossilization can occur (Bujak and Williams, 1981).  
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Figure 2.2: Schematic diagram of a dinoflagellate life cycle 
Vegetative and sexual phases of a dinoflagellate life cycle are shown. Note the resting cyst phase (Chang et al., 2008). 

2.3. Palynomorph dispersal and deposition  

2.3.1. Hydrodynamics affecting palynomorph dispersal and 
deposition 

The distribution of palynomorphs in sediment is dependent on their physical 

properties – including grain size, specific gravity, and shape – and environmental 

conditions including depositional energy and fluid dynamics (Muller, 1959; Davis and 

Brubaker, 1973; Tett et al., 1993; Timothy and Soon, 2001). In general, palynomorphs 

have transport and depositional characteristics similar to silt particles due to their 

comparable size (Kapp et al., 2000; Zonneveld and Brummer, 2000). Most pollen grains 

and spores are typically 20 to 50 μm in size, and dinocysts range from ~30 to 60 μm 
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(Dale, 1976; Anderson et al., 1985; Dale, 1996; Kapp et al., 2000; Zonneveld and 

Brummer, 2000; Mudie et al., 2002). 

Settling velocities of palynomorphs are a function of fluid viscosity as well as the 

density of the palynomorph. Temperature and salinity affect the density of a fluid and, in 

turn, are environmental factors that can impede or slow down vertical mixing and settling 

of palynomorphs in suspension (Tett et al., 1993; Timothy and Soon, 2001). For 

palynomorphs to settle out of the water column, they must have a higher density than 

the fluid in which they are entrained. Consequently, palynomorphs entrained in 

comparatively denser fluid (e.g., saline water) can be transported over long distances 

prior to deposition. Stoke’s Law, below, quantifies the frictional force, or drag, exerted on 

small spherical objects such as palynomorphs sinking in a viscous fluid (Das, 2001). 

𝑣𝑠 =  
2( 𝜌𝑝 −  𝜌𝑓)

9𝜇
 𝑔𝑅2 

Where: 

νs = settling velocity (m s-1) 

ρp= density of palynomorph (kg m-3) 

ρf = density of water (kg m-3) 

μ= dynamic viscosity of water (Ns m-2) 

g = gravitational acceleration (m s-2) 

R2 = radius of palynomorph (m)  

The caveat of applying Stoke’s theorem to palynological studies, however, is that 

the intrinsic assumptions of smoothness and roundness of individual grains rarely apply. 

Palynomorphs are neither spherical nor do they have smooth exteriors (Davis and 

Brubaker, 1973). Rather, most palynomorphs are ellipsoids, and exhibit ornamentation 

and irregular textures (Fig. 2.3). Anderson et al. (1985) modifies Stoke’s Law, below, to 

account for non-spherical particles.  

𝑣 =  
2( 𝜌𝑝 −  𝜌𝑓)

9𝜇𝜙
 𝑔𝑅𝑛2 

Where: 
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ν = observed terminal velocity of particle (m s-1) 

Rn
2 = nominal radius of non-spherical body (m) 

ϕ = coefficient of form resistance 

In tidally influenced fluvial-dominated systems, the highest distribution of 

suspended particles is in the turbidity maximum zone, which is also where the thickest 

and most laterally extensive mud units are typically deposited (Dalrymple and Choi, 

2007). Maximum tidal-current speeds occur within this zone, resulting in strong 

signatures of alternating ebb and flood tides. Flood tides impede fluvial discharge in 

what is known as the tidal backwater, and ebb tides cause a drawdown of the water level 

increasing river discharge in the seaward direction (Dalrymple and Choi, 2007). This 

tidal cycle reinforces the residual circulation pattern caused by salinity fluctuations and 

results in high concentrations of suspended sediment in the turbidity maximum zone. 

2.3.2. Dispersal and deposition of non-marine palynomorphs 

In the terrestrial realm, the dispersal mechanics of spores and pollen grains is 

dependent on the evolutionary strategy of the source plant’s reproductive success. 

Microflora can be wind disseminated (anemophilous) or transported via birds or insects 

(zoophilous; MacDonald, 1990). Anemophilous pollen species overproduce grains to 

ensure a higher probability of successful transport and plant reproduction, and are 

commonly overrepresented in palynological assemblages. Excess anemophilous pollen 

grains that never fulfill their reproductive function are transported through aerial fallout as 

well as advective stream and river flow (MacDonald, 1990). Continental palynoflora can 

also be transported into oceanic basins via wind and currents (MacDonald, 1990; Sun et 

al., 1999; Kapp et al., 2000). For example, a study by Mildenhall (2003) identified spores 

and pollen grains, originating from a range of terrestrial environments, at distances of 

1,100 km offshore and at bathymetries of 3,300 m in offshore New Zealand. Similarly, 

pollen in the South China Sea has been observed up to 3,500 m bathymetry (Sun et al., 

1999). Fluvial transport is also a significant factor in determining palynological 

distributions in intertidal and marine sediments due to its substantial role in the 

secondary transport of palynomorphs (Heusser, 1988). In some cases, however, the role 



 

40 

of fluvial transport can be negligible when strong winds transport large quantities of 

airborne palynomorphs directly into a basin (Sun et al., 1999). 

In a fluid, pollen grains and spores, like fine-grained sediment such as silts and 

clays, are predominantly transported in suspension and deposited in lower flow regimes. 

Anemophilous palynomorphs contain two-layered walls that are specifically designed to 

increase the buoyancy of the grains. The inner wall (intine) directly surrounds the living 

protoplasm and is attached to the outer wall (exine) through pores and along meridians 

extending from each pore to the poles of the grains (Fig. 2.3; Davis and Brubaker, 1973). 

This produces a dynamic chamber lying between the intine and exine, which can admit 

or expel water in order to maintain osmotic balance with the surrounding fluid (Davis and 

Brubaker, 1973). In arid conditions, the protoplasm loses water, pulling the intine away 

from the outer wall and leaving the open chamber to fill with air. Air-filled pollen grains 

have a density of ~0.82 g cm-3 and a specific gravity that ranges from ~0.4 to 1.2 (Muller, 

1959). Conseqeuntly, “fresh” pollen grains float on top of water. Over time, the 

protoplasm fills with water causing the grain to swell. This occurs from prolonged 

exposure to water, mechanical breakage, or bacterial attack on the exine (Davis and 

Brubaker, 1973). Grains infiltrated with water typically increase in density to ~1.2 g cm-3 

(Davis and Brubaker, 1973) and specific gravities range from 1.4 to 1.5 (Flenley, 1971; 

Kapp et al., 2000). Once the density and specific gravity of the pollen grains or spores 

exceed that of the fluid in which they reside, the organisms lose their buoyancy and 

gradually settle out through the water column. 

 
Figure 2.3: Image of a pollen grain 
REM photograph of Artemisia mutellina showing the intine, exine, and external sculptural morphology of a pollen grain 
(modified from Wick, 2003). 
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2.3.3. Dispersal and deposition of marine palynomorphs 

Dinocyst distributions, similar to that of terrestrial palynomorphs, is dependent on 

a series of biotic and abiotic factors. The key biological factor is the distribution of motile-

stage dinoflagellates; however, biological and ecological controls on encystment are also 

important. Abiotic factors affect the behavior of cysts in the hydraulic regime (Loeblich III 

and Loeblich, 1984; Goodman, 1987). Despite a broad range of abiotic factors, boundary 

conditions between major water types are perhaps the most relevant to this study. This 

is because the study area comprises a freshwater to marine transition zone, and thus, 

fluid viscosities across the study area vary with the changes in water salinity. Studies by 

Anderson and Lively (1985) determined that the Reynolds value for dinocysts, which is 

the ratio between an organism’s capacity to move itself (inertial force) and the viscous 

forces affecting the movement of that same object in a fluid (Goodman, 1987), ranged 

from 0.002 to 0.004. Because the Reynolds values are much less than 1, fluid viscosity 

is deemed to be the dominant force in the movement of dinocysts. 

In marginal-marine systems, landward-directed suspended particle transport and 

deposition is strongly linked to the degree of brackish-water influence and to the relative 

strength of tidal versus fluvial flow. Although the dominant force in a tidally influenced, 

fluvial-dominated system is a seaward-directed fluvial current, movement of the 

suspended sediment fraction within the river is also affected by slower, subordinate 

residual circulation (Dalrymple and Choi, 2007). This residual circulation, caused by 

density differences between the mixing fresh- and salt-water in the lower reaches of the 

river, instigates a landward shift of the suspended sediment fraction and is therefore a 

contributing factor to the landward transportation of marine palynomorphs. 

To date, there is limited information on sedimentary processes affecting dinocyst 

transport (Matthiessen, 1995; Zonneveld and Brummer, 2000). Rochon et al. (2008) 

showed that similar to pollen grains and spores, planktonic dinoflagellates and benthic 

dinocysts are transported primarily via advective forcing such as currents or subaqueous 

gravity flows. Wind plays an important role in the vertical and horizontal distribution of 

dinoflagellates and dinocysts, as it is a primary driver of shallow oceanic currents 

(Rochon et al., 2008). Previously deposited dinocysts can be laterally and vertically 

shifted by tidal mixing, mass flow events, etc. that trigger the re-suspension and 
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subsequent re-deposition of particles (Taylor, 1987; Matthiessen, 1995; Zonneveld and 

Brummer, 2000; Dale et al., 2002). Freshwater dinocysts are commonly overlooked in 

studies due to habitually low concentrations and poorly defined taxonomy that makes 

identification difficult (McCarthy et al., 2011). Moreover, very little is known regarding the 

transport mechanisms of freshwater dinocysts.  

2.4. Application of palynology in rock record studies 

Palynology, once thought to be a branch of botany, is now considered an 

interdisciplinary study (Loboziak et al., 2005). It is increasingly employed by earth 

scientists in the fields of geography, paleontology, sedimentology and stratigraphy. In 

geological studies, palynology offers three unique lines of evidence for interpreting 

ancient deposits. These benefits include: age dating, paleoenvironmental interpretations, 

and biostratigraphic correlations. Although palynology is most commonly used in 

Quaternary studies, it also a popular tool in petroleum geology due to its utility in refining 

stratigraphic correlations (MacDonald, 1990; Loboziak et al., 2005). This is largely 

attributed to the fact that palynomorphs can be extracted from marine, transitional, and 

terrestrial deposits, thereby providing an observable link between different depositional 

settings that can be correlated over long distances (Loboziak et al., 2005). Palynology is 

generally studied in conjunction with other lines of geologic evidence such as 

sedimentological and ichnological observations. As with any scientific method, the 

application of multiple lines of evidence ensures a more sound interpretation of ancient 

depositional settings. Examples of this integrated approach are discussed below.  

Although palynology is a useful tool for biostratigraphic and paleoenvironmental 

interpretations, there are certain limitations associated with the use of microfossils in 

sedimentological studies. Palynomorph assemblages in the rock record can be 

intrinsically biased because their observed distribution is affected by many factors, 

including production, dispersal, preservation, and identification (Goodman, 1987; 

Zonneveld et al., 1997; Kapp et al., 2000). The distribution of palynomorphs is typically 

relegated to fine-grained sediments such as siltstones and claystones, signifying that a 

lack of observable palynomorph assemblages in coarser-grained sediments does not 

necessarily denote their absence at the time of deposition (Loboziak et al., 2005). In 
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addition, dinoflagellates may be underrepresented in sediment due to the preferential 

preservation and fossilization of (less common) dinocysts, which represent the sessile 

stage in the life cycle of some dinoflagellates (Bujak and Williams, 1981). Encystment is 

relatively rare and occurs in approximately 10% to 20% of living dinoflagellate species at 

specific times of the year (Head, 1996; Rochon et al., 2008). Periods of dormancy are 

prevalent in temperate and costal environments; however, marked temperature 

fluctuations due to shifting seasons in these environments can also terminate these 

periods of dormancy (Dale, 1976; Loeblich III and Loeblich, 1984; Anderson et al., 

1985). Despite the preservation bias of dinoflagellates versus dinocysts, their 

assemblages remain useful in geological applications because they can demonstrate a 

definable link to a marine environment, and can provide some indication of 

paleoenvironmental conditions (Rochon et al., 2008). 

Modern palynological assemblages can consist of a combination of extant 

organisms as well as palynomorphs from different geologic timeframes that have been 

eroded from rocks, re-transported, and subsequently re-introduced into the sedimentary 

regime. Reworked palynomorphs could originate from entirely different depositional 

environments, and may introduce a potential bias in the interpretation of a palynological 

data set. This type of sediment recycling is difficult to quantify due to variations in 

preservation potential, source material and location, as well as the type of transport 

mechanisms prior to deposition (Mildenhall, 2003). Fortunately, reworked palynomorphs 

are relatively easy to recognize due to their flattened appearance and distinctive 

yellowish colour (Mudie et al., 2002). Furthermore, re-worked palynomorphs can usually 

be identified at the species level, and hence, removed from the dataset.  

2.4.1. Case study: Viking and Westgate formations, Lower 
Cretaceous, Alberta, Canada  

Drawbacks associated with the exclusive reliance on sedimentology were 

pointed out during an attempt to characterize the paleoecology of the late Albian Viking 

and Westgate formations of central Alberta, Canada (MacEachern et al., 1999a). The 

study showed that in a sandstone-dominated, paleo-coastal setting in the Viking Fm, the 

key to interpreting the depositional environment lay in the muddy beds intercalated 

throughout the unit. This is because in such environments, sands and other coarse-
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grained sediments are typically deposited rapidly and under high-energy conditions, and 

are thus unrepresentative of ambient environmental conditions. Finer-grained sediments 

such as mud generally preserve evidence of ambient environmental conditions. They 

contain abundant paleontological evidence such as trace fossils and microfossils, which 

are instrumental in making paleo-environmental interpretations. The evidence examined 

by MacEachern et al. (1999) included ichnological and palynological characteristics of 

interpreted marine to marginal-marine mudstones.  

Palynological assemblages of interpreted lower offshore deposits consisted of 

subequal amounts of terrigenous palynoflora (53%) and marine microplankton (47%). 

Upper offshore deposits also comprised subequal amounts of terrigenous palynoflora 

(44%) and marine microplankton (56%). Palynological signatures of 

embayment/lagoonal deposits were strikingly similar to those of open marine 

assemblages, with subequal amounts of terrigenous palynoflora (52%) and marine 

microplankton (48%). Simple indeterminate dinoflagellate cysts dominated the marine 

microplankton assemblages of lower offshore, upper offshore, and embayment/lagoonal 

deposits. Although marine assemblages displayed similar palynological characteristics, 

the estuarine/incised valley-fill assemblages were markedly different. Their assemblages 

were dominated by microplankton (67%), with subordinate amounts of terrigenous 

palynoflora (33%).  Moreover, microplankton assemblages in the valley fill deposits 

showed markedly high concentrations of peridinioid dinoflagellates, which are indicative 

of a “stressed” environment resulting from fluctuating salinities. The unusually low 

terrestrial signature in sediments of the most landward paleoenvironment is attributed to 

sample dilution due to the overwhelmingly high concentration of peridinioid 

dinoflagellates. Results from the study demonstrated that, where the ichnological 

approach fell short, palynology helped to differentiate between fully marine and strongly 

brackish-water (estuarine) deposits of the Viking Formation (MacEachern et al., 1999a). 

The benefit of palynology in the absence of other lines of geologic evidence is 

also showcased in marine shelf deposits of the Westgate Formation (MacEachern et al., 

1999a). In the Westgate, it was difficult to interpret the depositional setting of black, 

fissile mudstones (shale) due to an apparent paucity of ichnological and 

sedimentological structures. Anoxia, high sedimentation rates, and other environmental 

stresses were attributed to be the cause of the limited biogenic activity, which was 
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manifest by the paucity of ichnological structures. Palynomorph assemblages deposited 

in these same muds, however, implied a distal marine depositional environment rather 

than a stressed environment. Mud samples contained a high percentage (64%) of 

marine microplankton including dinoflagellates. Subordinate amounts of terrigenous 

palynomorphs (36%) such as bisaccate pollen and spores, which can be dispersed 

significant distances into marine basins via wind, were also noted. Based on the 

interpretation made from the palynological data, the lack of bioturbation was attributed to 

the ethology of the trace-making organisms as well as diagenetic processes. Rather 

than being completely absent, trace fossils were deemed apparently absent. 

MacEachern et al. (1999) hypothesized that bioturbation was actually dominated by 

epifaunal grazing and foraging trace-makers that moved along the bedding plane of a 

soupy muddy substrate, and left traces that likely would only be visible on bedding 

planes. They also concluded that the biogenic structures effectively vanished once the 

sediment underwent compaction, lithification, and diagenesis. Furthermore, the burrows 

did not contrast with the surrounding sediment because they were likely infilled with dark 

fecal matter similar in colour to the surrounding sediment. This study demonstrated that 

in certain cases (such as a lack of body or trace fossils), palynology could be a valuable 

asset because it can be the only line of paleontologic evidence recording ambient 

depositional conditions (MacEachern et al., 1999a).  

2.4.2. Case study: McMurray Formation, Lower Cretaceous, 
Alberta, Canada 

The economic benefits of palynological studies are apparent in the bitumen-

hosting McMurray Formation in northeastern Alberta. In the middle McMurray Formation, 

the ability to predict the degree of tidal and brackish-water influence on sediment 

deposition is tantamount to the efficient exploitation of deeper-sourced bitumen. This is 

because the reservoir-compartmentalizing heteregoneities typical of middle McMurray 

strata are known to vary with relative position along the paleo-depositional profile 

(Dalrymple and Choi, 2007; Hubbard et al., 2011; Sisulak and Dashtgard, 2012). 

Palynology, used to understand the provenance of organic matter in sediments, is a 

useful tool for interpreting depositional mechanisms in complex, mixed-tidal-fluvial 

deposits.  
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The extent of marine influence on sediment accumulation throughout the 

McMurray Formation is a hotly debated topic. This is because sedimentological and 

ichnological evidence suggests deposition occurred in a brackish/estuarine environment 

(Pemberton, 1982; Rennie, 1987; Ranger and Pemberton, 1992; Crerar and Arnott, 

2007; Lettley et al., 2008), yet palynological studies show that the McMurray Formation 

is generally bereft of marine palynological forms and that the deep channel-fill 

successions exhibit a dominantly fluvial morphology (Flach and Mossop, 1985; 

Langenberg et al., 2002; Hubbard et al., 2011; Musial et al., 2012). More recent 

palynological studies show that the palynoflora of the McMurray Formation is dominated 

by assemblages of land-derived organisms, specifically, bisaccate (conifer) pollen and 

trilete (fern and moss) spores (Demchuk et al., 2008; Hubbard et al., 2011). These 

studies have also identified a minor, yet significant, planktonic fraction of palynomorphs 

comprising dinoflagellates of freshwater, brackish-water, and marine provenance (Figs. 

2.1 and 2.4; Michoux, 2002; Demchuk et al., 2008; Hubbard et al., 2011). The proportion 

of dinocysts in palynological assemblages throughout the McMurray Formation typically 

ranges from 1% to 10% (Demchuk et al., 2008; Hubbard et al., 2011). Based on such 

palynological observations, researchers are able to show which areas of the McMurray 

Formation exhibit greater degrees of marine influence, and thus, which areas are more 

optimal for future exploration. 
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Figure 2.4: Palynofacies of the McMurray Formation 
 A schematic diagram showing dinocyst species types and interpreted paleoenvironmental conditions (modified from 
Demchuk et al., 2011). 

2.5. Stable carbon isotope geochemistry 

Stable carbon isotope geochemistry is routinely employed to complement 

palynological studies (Thornton and McManus, 1994; Limoges et al., 2010). Similar to 

palynology, the input of allochthonous organic carbon by fluvial and/or tidal forces results 

in unique signatures in sedimentary deposits that can then be used to resolve the 

provenance of organic matter (Cifuentes et al., 1988; Thornton and McManus, 1994; 

Chmura and Aharon, 1995; Pospelova et al., 2002).  
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Atmospheric CO2 taken in by plants contains 98.9% carbon-12 and 

approximately 1.1% of the heavier isotopic carbon-13 (O'Leary, 1981). Isotopic carbon 

(δ13Corg) signatures retained in organic matter are attributed to the photosynthetic 

efficiency of the source plants, which varies between environments. Plants with 

limitations on photosynthetic efficiency discriminate against heavier carbon-13 to various 

degrees (termed fractionation), and thus, are classified into photosynthetic groups 

represented by distinctive δ13Corg values (O'Leary, 1981). The isotopic signature of plant 

groups is as follows: terrestrial (-26 to -27  ‰) and marine (-20 to -22 ‰; Cifuentes et al., 

1988; Chmura and Aharon, 1995; Pospelova et al., 2002). Terrigenous plants have an 

isotopically lighter signature than marine plants due to increased carbon fractionation in 

subaerial conditions. This increased fractionation is caused by an intermediate step in 

the metabolic process referred to as carboxylation, which assists in the intake of CO2. 

Conversely, marine plants and algae discriminate less against Carbon-13 due to the 

one-way transport and slower diffusion of CO2 in seawater (O'Leary, 1981; Lucas and 

Berry, 1985).  

In order to use stable isotope ratios to trace the provenance of organic matter in 

sediments, however, two assumptions must be made: 1) isotopic compositions reflect 

the physical mixing of discrete end-member sources, and 2) the isotopic ratios are 

conservative (Cifuentes et al., 1988; Thornton and McManus, 1994). Isotopic signatures 

retained in sediments reflect a mixture of organic matter derived from variable sources. 

Moreover, the measured isotopic value of sediments generally reflects the dominant 

source of organic matter. For example, appreciable amounts of enriched compositions 

are required to modify the δ13Corg signature in predominantly terrestrially sourced 

sediments (Thornton and McManus, 1994). 
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3. Palynology and geochemistry of 
channel-margin sediments across the 
tidal-fluvial transition, lower Fraser River, 
British Columbia, Canada1 

3.1. Introduction 

Palynology is widely recognized as a valuable tool for refining 

paleoenvironmental interpretations of ancient sedimentary deposits. This is because 

palynomorphs are ubiquitous in marine and continental settings, can be transported 

significant distances into connected water bodies, and most importantly, have high 

preservation potential owing to the chemically and erosionally resistant composition of 

their outer walls (e.g. Wall and Dale, 1966; Dale, 1983; Mudie and Harland, 1996; de 

Vernal et al., 1998; de Vernal et al., 2001). The deposition of allochthonous 

palynomorphs in marginal-marine settings such as estuaries and deltas provides a 

mechanism for differentiating continental, transitional (i.e., brackish-water), and fully 

marine deposits (MacDonald, 1990; Loboziak et al., 2005). In addition, when 

palynomorph distributions are compared to the corresponding carbon isotope values for 

organic carbon (δ13Corg) in the same deposits, there is greater certainty in differentiating 

the relative position of sediment deposition along the continental-to-marine continuum. 

At present, there is a paucity of research that demonstrates the integration of palynology 

and geochemistry to better resolve the interplay of fluvial and marine influences on 

sediment deposition in tidal-fluvial channels. To address this apparent lack of data, 

palynomorph and carbon isotope data were acquired from the tidally influenced Fraser 

River and delta in British Columbia, Canada, and compared to sediment grain size, 

water salinity, and channel position (distance upstream). These data are then used to 

 
1  A version of this chapter has been submitted for review/publication to the Journal of Marine 

and Petroleum Geology 
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define and quantify how palynological and geochemical signatures vary in sediments 

across the tidal-fluvial transition (TFT).  

Palynological assemblages include grains that are deposited near the site of 

origin (autochthonous), as well as those that have been entrained in wind or water and 

transported from another location (allochthonous; e.g. Hutchinson et al., 1998). 

Palynological assemblages can, therefore, comprise grains supplied from markedly 

different depositional settings and provide an observable connection between these 

environments. In continental settings, dispersal mechanics of spores and pollen grains 

are dictated by the evolutionary strategy of the source flora. For example, anemophilous 

(wind-disseminated) pollen types over-produce grains to ensure a higher probability of 

successful transport and plant reproduction (MacDonald, 1990). This over-production of 

pollen grains coupled with effective transport commonly results in an over-representation 

of anemophilous microflora in both marine and continental palynological assemblages.  

The presence of continental, low-salinity, and marine palynomorphs can vary as 

a function of marine influence; hence, the relative proportions of these microflora have 

been used to make inferences regarding the hydrodynamic conditions controlling 

sediment deposition in ancient marginal-marine settings (Demchuk et al., 2008). The 

distribution of palynomorphs in sediment is dependent on the physical properties of the 

grains such as size, specific gravity, and shape, as well as environmental conditions that 

include depositional energy and fluid dynamics (e.g. Muller, 1959; Davis and Brubaker, 

1973; Tett et al., 1993; Timothy and Soon, 2001). In general, palynomorphs have 

depositional characteristics similar to silt-sized particles. This is because most 

palynomorphs range between 20 μm to 60 μm in diameter (Dale, 1976; Anderson et al., 

1985; Dale, 1996; Rochon, 1999; Kapp et al., 2000; Zonneveld and Brummer, 2000; 

Mudie et al., 2002) and because palynomorphs have specific gravities (~1.4) 

comparable to those of mineral grains (~2.5; Traverse, 1999). Furthermore, 

palynomorphs tend to sort with comparatively smaller mineral grains due to this minor 

difference in the specific gravity between organic grains and mineral grains (Traverse, 

1999).   

Stable carbon isotope geochemistry is routinely employed to complement 

palynological studies, and is also used to resolve the provenance of organic matter in 
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marginal-marine systems (Thornton and McManus, 1994; Pospelova et al., 2002; 

Chmura et al., 2004; Limoges et al., 2010). Isotopic carbon (δ13Corg) signatures are 

attributed to differences in photosynthetic efficiencies of primary producers. Atmospheric 

CO2 taken in by plants contains 98.9% 12C and approximately 1.1% of 13C (O'Leary, 

1981). Plants with limitations on photosynthetic efficiency discriminate against the 

heavier 13C to varying degrees (termed fractionation), and thus, are classified into 

photosynthetic groups based on distinctive δ13C values (O'Leary, 1981). Isotopic 

fractionations of primary producers vary with respect to environmental conditions, and 

therefore the isotopic signature of organic material can be used to infer the provenance 

of that material. For example, terrigenous plants have an isotopically lighter signature 

than do marine plants, owing to increased carbon fractionation in the atmosphere. 

Conversely, marine autotrophs discriminate less against 13C due to slower CO2 diffusion 

in seawater, resulting in isotopically heavier signatures (e.g. O'Leary, 1981; Lucas and 

Berry, 1985). 

Dinoflagellate cyst assemblages in oceanic and marine environments have been 

developed as tools used in paleoenvironmental reconstructions to determine past sea-

surface temperature (SST), sea-surface salinity (SSS), primary productivity, sea-ice 

coverage, and coastal proximity (e.g. Dale, 1996; Rochon, 1999; de Vernal et al., 2001; 

Marret and Zonneveld, 2003; Holzwarth et al., 2007; Pospelova et al., 2008; Limoges et 

al., 2010; Verleye and Louwye, 2010; Zonneveld et al., 2013). Studies of modern 

dinoflagellate cysts (or dinocysts) in estuarine waters are relatively rare (e.g. Mudie and 

Short, 1985; McMinn, 1989; de Vernal and Giroux, 1991; McMinn, 1991; Blanco, 1995; 

Pospelova et al., 2004; Pospelova et al., 2005; Radi et al., 2007; Krepakevich and 

Pospelova, 2010; Pospelova and Kim, 2010; Richerol et al., 2012) and they have 

demonstrated that SST, SSS, availability of nutrients and pollution levels are still the 

major factors controlling cyst distributions and that cyst assemblages reflect 

hydrographic conditions even at small spatial scales (Pospelova et al., 2004; Pospelova 

et al., 2005). According to Pospelova et al. (2002) dinocyst distributions differ with the 

type of estuary (e.g. fjords, embayments, lagoons, river-dominated estuaries), as 

primary mechanisms that influence phytoplankton production such as flushing rate, 

salinity and light regime, vary with estuarine hydrography (Boynton et al., 1982). Only a 

few studies have been focused on dinocysts in river-dominated systems (Dale et al., 
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2002; Marret et al., 2004; Wang et al., 2004; Radi et al., 2007; Bouimetarhan et al., 

2009; Zonneveld et al., 2009; Matsuoka and Shin, 2010; Richerol et al., 2012) and none 

of them dealt with TFT zone. In general, absolute abundances of dinocysts in estuarine 

waters range from less than 100 to over 30,000 cysts g-1 of sediment, and they decrease 

with proximity to fluvial point sources (Marret, 1994).   

In the rock record, such as in the Early Cretaceous McMurray Formation, the 

extent of marine influence on sediment deposition in tidal-fluvial channels remains an 

ongoing source of debate (e.g., Ranger and Pemberton, 1997; Hein et al., 2001). This is 

because sedimentological and ichnological evidence suggests a brackish-

water/estuarine depositional environment (Rennie, 1987), while the sediment is 

generally bereft of marine palynological forms (Flach and Mossop, 1985). Utilizing 

palynology, Demchuk et al. (2008), Michoux (2002), and Hubbard et al. (2011) observed 

that assemblages of land-derived plants, specifically, bisaccate (conifer) pollen and 

trilete (fern and moss) spores, dominate the palynoflora of the McMurray Fm. Michoux 

(2002) and Demchuk et al. (2008) also identified a minor planktonic fraction of 

freshwater, brackish-water, and marine-derived dinoflagellates/dinocysts in the 

palynological assemblages. Most importantly, results consistently show that the 

proportions of dinocysts in palynological assemblages throughout the McMurray 

Formation typically range from 3% to 10% (Demchuk et al., 2008; Hubbard et al., 2011). 

Based on observations of dinocyst abundance, diversity, and distribution in the ancient 

estuarine valley-fill deposits, the interpreted depositional model for the McMurray 

Formation tends to favor a low-salinity, fluvial-dominated environment with some marine 

influence (Michoux, 2002; Demchuk et al., 2008; Hubbard et al., 2011). 

A few recent palynological studies in the Strait of Georgia (SoG) were focused 

primarily on understanding of ecology of dinocysts and observing annual variations in 

populations with respect to environmental conditions and food availability (Radi et al., 

2007; Pospelova et al., 2010; Price and Pospelova, 2011). These studies have identified 

a dominance of cysts of heterotrophic taxa in the spring, coinciding with annual blooms 

in their primary food source – diatoms. Prodeltaic sediments of the Fraser River Delta 

predominantly contain terrestrially derived palynomorphs (e.g. pollen and spores), and 

subordinate, autochthonous populations of marine dinoflagellates (Hutchinson et al., 

1998). Commonly identified cyst taxa include: autotrophic Spiniferites ramosus, 
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Operculodinium centrocarpum sensu Wall and Dale (1966), cysts of Alexandrium spp. 

(responsible for toxic red tides), Pentapharsodinium dalei, and heterotrophic 

Brigantedinium spp., Quinquecuspis concreta, and Echinidinium spp.. Radii et al. (2007) 

observed that cyst concentrations in the SoG range from 200 to 13,000 cysts g-1, with an 

average of ~3,000 cysts g-1. The diversity of taxa in each sample varied from 9 to 22. 

Despite extensive studies in the subtidal zones of the Fraser River Delta, there is little 

information available regarding microfaunal and palynological assemblages in channel 

sediments of the tide-influenced, brackish-water, and freshwater reaches of the Fraser 

River itself. Hutchinson et al. (1998) observed that channel banks contain palynomorphs 

derived from riparian woodland biota, including alders, spruces, and ferns. They also 

noted that the delta-plain / tidal-flat assemblages contain allochthonous deposits of fresh 

and fresh-to-brackish palynomorphs derived from distributary channel margins and 

brackish-water marshes (Hutchinson et al., 1998).  

In this study, we present palynological and organic carbon isotope (δ13Corg) data 

from sediment deposited in the distributaries of the tidally influenced Fraser River as well 

as on the delta front and prodelta. Relative and absolute abundances of allochthonous 

marine- and brackish-water dinocysts as well as terrestrial palynoflora (spores and 

pollen) are used as a proxy for establishing sediment provenance (marine versus 

terrestrial). Only dinocysts are considered to represent marine palynomorphs, because 

their dinoflagellate counterparts have a significantly lower preservation potential (Bujak 

and Williams, 1981). Measured palynological and geochemical signatures are then 

compared to physio-chemical conditions at the sites of deposition, including: sediment 

grain size, salinity, tidal amplitude, and distance upstream from the delta front. Finally, 

we consider the utility of the results as an analogue for tidal-fluvial deposits in the rock 

record, specifically to the well-studied deposits of the Cretaceous McMurray Formation 

in the Athabasca Oil Sands region of northeast Alberta, Canada. 

3.2. Study Area 

The lower Fraser River and delta in southwest British Columbia, Canada (Fig. 

1.1) is influenced by both fluvial and tidal processes. The river is more than 1,200 km 

long, drains approximately 228,000 km2 of mountainous terrain and is primarily sourced 
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from snowmelt (Dashtgard et al., 2012). In its lower reaches, the Fraser River bifurcates 

into 2 major distributaries; the North Arm, carrying approximately 12% of total river flow, 

and the Main Channel with approximately 88% of river flow. The North Arm further 

bifurcates into the Middle Arm (5% of flow) and the North Arm (7% of flow), and the Main 

Channel separates into the Main Channel (70% of flow) and Canoe Passage (remaining 

18% of flow; WCHL, 1977). All channels debouche into the SoG, which is a broad, 

shallow, semi-enclosed basin (Fig. 1.1). The Fraser River Delta encompasses 

approximately 1,000 km2, and consists of a non-tidal upper delta plain as well as subtidal 

tidal flats of the lower delta plain, delta front, and prodelta. The lower delta plain tidal 

flats extend subtidally as part of the upper delta front, before terminating at a break in 

slope approximately 9 km seaward of the upper delta plain salt marsh. The slope of the 

delta front varies between 1° and 23°, and terminates at a break in slope, approximately 

150 m below sea level. Below 150 m resides the prodelta, which grades into seafloor 

deposits of the SoG (Ayranci and Dashtgard, in review). 

Tides within the SoG are mixed with a strong diurnal component, and range from 

2-5 m between neap and spring cycles. Saltwater incursion up the Main Channel of the 

Fraser River extends up to 30 km inland during spring tides and base-flow conditions 

(Milliman, 1980; Kostaschuk and Atwood, 1990; Venditti et al., 2010). Tidal influence 

decreases landward and with higher river discharge rates, but is detectable until 

approximately 120 km inland (Kostaschuk and Atwood, 1990). However, the tidal 

backwater effect extends approximately 100 km inland, coincident with the sand-gravel 

transition, attributed to be the result an abrupt change in topographic slope near Sumas 

Mountain (Venditti et al., 2010).  

Sediment transported in the Fraser River is primarily sourced from coarse-

grained, Pleistocene-aged glacial deposits within the interior of British Columbia, with 

bank erosion regarded as a subordinate sediment source (Milliman, 1980). The bedload 

of the Fraser River is gravel dominated except for the last approximately 100 km of the 

river, which is sand dominated (Venditti et al., 2010). Most of the sediment load, 

between 12-30 million tonnes annually (avg. 17 million tonnes), is transported during the 

freshet: a period of elevated discharge associated with spring runoff during snow melt 

(Milliman, 1980). Flow rates during the freshet reach up to 15,000 m s-1, whereas base 

flow (from late summer to spring) typically ranges from 1,000 to 3,000 m3 s-1 (Milliman, 
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1980). In addition to higher flow rates, the spring freshet is characterized by a significant 

increase in the transport and deposition of sand. This marked increase in sand transport 

peaks at the onset of the freshet in mid May (Kostaschuk et al., 1989). During base flow, 

suspended silt and clay dominate the transported sediment load (McLean et al., 1999).  

Freshwater discharge from the Fraser River into the Strait of Georgia averages 

158 km3 year-1 (Johannessen et al., 2003). The Fraser River also sources approximately 

30% of the dissolved and particulate organic carbon found in the basin, which amounts 

to approximately 550 x 106 kg year-1. Primary production remains the dominant 

component of organic carbon in the SoG (855 x 106 kg year-1), whereas other rivers (200 

x 106 kg year-1) and anthropogenic input (119 x 106 kg year-1) represent subordinate 

carbon sources (Johannessen et al., 2003). 

3.3. Methodology 

See Section 1.3 of Chapter 1. 

3.4. Results 

Data from individual stations are grouped by station, bar, and zone, where each 

successive hierarchal level provides more general characteristics by averaging results. 

Station- and bar-data represent geographical entities that have defined areal extent. 

Zones (Fig. 1.9; Table 1.1) are regions of the river and SoG that experience similar 

salinity and tidal conditions (Hughes and Ages, 1975; Ages, 1979; Milliman, 1980; 

Kostaschuk et al., 1989; Kostaschuk and Atwood, 1990; Ayranci et al., 2012), and/or 

share similar sedimentological and ichnological characteristics (Hart and Barrie, 1995; 

Hart et al., 1998; Barrie et al., 2005; Dashtgard et al., 2012; Johnson, 2012; Sisulak and 

Dashtgard, 2012). Although zone boundaries are gradational and subjective, the 

grouping of data into zones enables comparison of data based on physico-chemical 

characteristics of the depositional environment. Moreover, zones enable us to define 

general trends, and removes local variations in the data associated with anthropogenic 

and grain-size influences on palynological and geochemical signatures (Fig. 1.23). 
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Finally, zone-based analyses provide data that are the most comparable to the rock 

record, because: 1) the variations between zones are more pronounced than between 

individual stations and bars; and 2) the differences in the sedimentological and 

ichnological characteristics of the zones are more pronounced (Hart and Barrie, 1995; 

Hart et al., 1998; Barrie et al., 2005; Dashtgard et al., 2012; Johnson, 2012; Sisulak and 

Dashtgard, 2012). Palynological, sedimentological, and geochemical data are presented 

by zone below. The positions of zones 1 to 5 are shown in Figure 1.9.  

Figure 3.1 shows the distribution of continental and marine palynomorphs for 

each bar along the river, and for delta front (Z2) and prodelta (Z1) samples. 

Palynological suites are subdivided into four categories: tree pollen, herb and shrub 

pollen, fern spores, and dinocysts. Palynological assemblages vary across bars, and the 

variance of palynomorphs in each category is given by the standard deviation (Fig. 3.1). 

Figure 3.2 plots absolute dinocyst abundances and species richness, as well as δ13Corg 

values for each bar or piston core. 
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Figure 3.1: Distribution of terrigenous and marine palynomorphs in the lower 

Fraser River and delta 
The distribution of continental and marine palynomorphs along the depositional profile of the lower Fraser River and 
into the Strait of Georgia. The names of each bar refer to the zone in which it occurs (e.g., Z3), and the individual bars 
within that zone (e.g., Z3-C). Numbers in bold represent the averaged percent-abundance of each type of palynomorph 
in the overall palynological assemblage for each bar.  Palynological variability across each site is denoted by standard 
deviation values (shown in brackets).  
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Figure 3.2: Palynological and geochemical trends along the depositional profile 

of the lower Fraser River 
Graphical representation of dinocyst abundance (absolute and relative), species richness, as well as δ13Corg signatures 
with respect to their position along the depositional profile (shown in river kilometers). Points on the scatterplots 
represent averaged values at each channel bar and piston core location. 

3.4.1. Palynological and Geochemical Results 

Each palynological assemblage from the Fraser River and SoG is heavily 

dominated (between and 85% and 95%) by tree pollen. Similar population numbers of 

herb and shrub pollen and fern spores are consistently observed (Fig. 3.1) and range 

from 1% to 6.5% of the total assemblage. In the lower Fraser River, pollen and spores 

comprise more than 99% of the averaged palynomorph assemblage in each bar. From 

the tidal flats to the prodelta, pollen and spores comprise greater than 95% and up to 

99% of the average assemblage in each bar or zone (Figs. 3.1, 3.2). 
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Twelve dinocyst taxa of marine origin were identified (Fig. 3.3). Of these, four 

species are autotrophic and eight species are heterotrophic (Table 1.2). In the SoG 

samples, species richness varied from no dinocysts to a maximum of six dinocyst taxa. 

Forty-four percent of dinocyst taxa in the SoG are Echinidium spp., and the remaining 

56% include cysts belonging to eight other species (Fig. 3.3; Table 1.2). In the Fraser 

River samples, dinocyst taxa exhibit low species diversity. The most commonly 

encountered dinocysts in the river are cysts of Alexandrium spp., which comprise 83% of 

all identified dinocyst taxa (Fig. 3.3; Table 1.2). Seven other dinocyst species are found 

in the Fraser River. 

Relative abundances of dinocysts are exceedingly low in each palynological 

suite, and with the exclusion of prodelta sediments, dinocyst abundances exhibit 

marginal variation across the study area (less than 1%, Fig. 3.1). Across individual bars, 

however, the distribution of dinocysts is more variable, as indicated by the high standard 

deviation values in Figure 3.1 and by the scatter in dinocyst abundances in Figure 3.4. 

The maximum abundance of dinocysts throughout the study area was 6.8% (as a 

percentage of the total palynomorph population), and 1,023 dinocysts g-1 of sediment. 

The maximum absolute abundance of dinocysts is considerably lower (by greater than 

one order of magnitude) than absolute abundances of all palynomorphs (including 

pollen, spores, and dinocysts), which range between 918 and 47,164 palynomorphs g-1 

of sediment (Appendix A). 
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Figure 3.3: Dinocyst taxa identified in the study area 
Bright-field photomicrographs of dinocyst taxa identified in this study. Scale bars are 10 µm. 1. Spiniferites spp., 2. 
Cyst of Polykrikos schwartzii sensu Matsuoka et al. (2009), 3. Quinquecuspis concreta, 4. Selenopemphix quanta, 5. 
Cyst of Alexandrium spp., 6. Echinidinium spp., 7. Operculodinium centrocarpum sensu Wall and Dale (1966), 8. Cyst 
of Pentapharsodinium dalei, 9. Brigantedinium spp., 10. Cyst of Protoperidinium fukuyoi, 11. Cyst of Protoperidinium 
minutum sensu Ribiero (2010), 12. Cyst of Archaeperidinium saanichii. Species 1-4 were only found in Strait of 
Georgia samples. Species 5-9 were found in both the Strait of Georgia and lower Fraser River samples. Species 10-12 
occurred exclusively in lower Fraser River samples. 
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Figure 3.4: Detailed dinocyst and geochemical trends in the lower Fraser River 
Graphical representation of dinocyst abundance and δ13Corg trends in the lower Fraser River (delta front and prodelta 
excluded) versus position in the river (recorded in river km). On the y-axis, data are plotted at three scales: 1) by 
sample, 2) by bar, and 3) by zone. The by sample graphs display individual data points from all sample sites, and 
constitute the highest resolution dataset. This graph also shows the greatest scatter in data points. By bar graphs show 
the results for individual bars, where all data points from one bar are averaged together. By zone graphs average all 
data from each zone, and present the lowest resolution data. Note that trend lines on all graphs do not include data 
from the Middle Arm bars in Zone 3 due to the discrepancy in the timing of sample collection. The Middle Arm was 
sampled in March (pre-freshet = 1,000 m3 s-1 flow rate), whereas Canoe Passage and all of the Main Channel was 
sampled in early May (onset of freshet= 6,000 m3 s-1 flow rate). Fluvial sediment input (and terrigenous isotopic and 
palynological signatures) would be expected to be higher with elevated river discharge. The slope equation for all trend 
lines is included on the graphs and the coefficient of determination (R2) values for each graph are given in the table 
below the graphs. The maximum landward extent of expected dinocyst distributions is interpolated using the slope 
equations, and is presented in river kilometers.  

Organic δ13C values across the study area range from -26.55‰ in freshwater 

sediments of the lower Fraser River to -21.08‰ in marine sediments of the SoG. δ13Corg 

values from river sediments (river kilometers > 10 km; Figs. 3.2, 3.4) exhibit only a slight 

increase in the oceanward direction, and most values are below -25‰.  Seaward of river 

kilometer 10, the upper- to lower-delta plain transition, organic carbon-13 enrichment 
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increases markedly from -25‰ on the tidal flats to -22‰ in the prodelta (Fig. 3.2). δ13Corg 

enrichment values in sediments collected from the SoG are the highest in the study 

area, and thus, the closest to a fully marine source signature of -20‰ (e.g. Cifuentes et 

al., 1988; Chmura and Aharon, 1995; Pospelova et al., 2002).  

Zone Descriptions  

Zone 1 (Z1) 

Zone 1 includes five samples collected from three piston cores along the 

prodelta, 180-280 m below sea level. Piston core locations range from 4.8 km to 13.3 km 

from the mouth of the Fraser River (Fig. 1.9), and were taken from environments that 

experience stable, fully marine salinity. Sampled sediments range from poorly sorted, 

very coarse silt to poorly sorted, very fine-grained sand. Mean grain size is 69 μm and 

the average mud content is 28.6%. Zone 1 contains the highest abundance of dinocysts, 

with an average absolute dinocyst abundance of 806 dinocysts g-1 of sediment, and an 

average relative abundance of 4.8% (as a percentage of the total palynomorph 

population). Dinocyst diversity is also the highest in this zone, with species richness (SR) 

ranging from 3 to 6. Throughout all palynological suites of Z1, the most abundant 

dinocyst species are Echinidinium spp., followed by Spiniferites spp., Operculodinium 

centrocarpum sensu Wall and Dale (1996), cysts of Pentapharsodinium dalei, cysts of 

Polykrikos schwartzii sensu Matsuoka et al. (2009), Brigantedinium spp., Quinquecuspis 

concreta, cysts of Alexandrium spp., and Selenopemphix quanta (Fig. 3.3). The average 

absolute abundance of terrigenous palynoflora in Z1 is 16,635 palynomorphs g-1 of 

sediment. Sediments in Z1 have an average δ13Corg value of  -22.36‰. 

Zone 2 (Z2) 

Zone 2 is situated along the shallow portion of the delta front, between 0.88 and -

0.45 river km (Fig. 1.9). Four samples were taken from two piston cores collected 40 m 

and 70 m below sea level. Water salinities at these stations are classified as sustained 

euhaline and periodic polyhaline, due to continuous freshwater input from the mouth of 

the Fraser River (Ayranci et al., 2012). Sampled sediments in Z2 range from poorly 

sorted, very fine-grained sand to poorly sorted, medium-grained sand. Mean grain size is 

214 μm and the average mud content is 6.4%. The average absolute abundance of 

dinocysts is 28 dinocysts g-1 and the average relative abundance of dinocysts in the 
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palynological suites is 0.7%. Dinocyst species diversity is low in Z2, with a maximum SR 

of 3. The most common dinocyst taxa are Echinidinium spp., followed by O. 

centrocarpum, cysts of Alexandrium spp., cysts of P.dalei, and Q. concreta (Fig. 3.3). 

The average absolute abundance of terrigenous palynoflora in Z2 is 10,759 

palynomorphs g-1 of sediment. Sediments in Z2 have an average δ13Corg value of  -

24.44‰. 

Zone 3 (Z3) 

Zone 3 includes 16 sample points distributed along three bars, between 4 and 11 

river km (Fig. 1.9). Sample locations in Z3 are divided between bars in the Middle Arm 

and Canoe Pass distributary channels, and from the lower delta-plain tidal flats seaward 

of the Middle Arm. Despite the geographical separation, the bars occur in environments 

that experience similar hydrodynamic conditions (mixed tidal-fluvial). Water salinities in 

this zone are classified as prolonged polyhaline – mesohaline and periodically 

freshwater. The significant periods of sustained saline water is the result of reduced 

fluvial discharge through the distributaries (approximately 5% for the Middle Arm and 

18% for Canoe Pass) relative to the Main Channel.  

Sampled sediments in Z3 range from poorly sorted, very coarse silts to 

moderately sorted, coarse-grained sand. Mean grain size is 242 μm and the average 

mud content is 27.7%. Sample locations in Z3 contain an average of 55 dinocysts g-1 of 

sediment, and the average relative abundance of dinocysts in the palynological 

assemblages is 0.8%. Dinocyst diversity in Z3 is low, with a maximum SR of 3. Cysts of 

Alexandrium spp. heavily dominate dinocyst taxa in each assemblage. Other dinocyst 

taxa identified in this zone include: O. centrocarpum, cysts of P.dalei, Brigantedinium 

spp., Echinidinium spp., cysts of Protoperidinium fukuvoi, and cysts of Archeuperium 

saanichii (Fig. 3.3). Z3 contains, on average, 9,455 terrigenous palynomorphs g-1 of 

sediment, which is the lowest value across the study area. The average value of δ13Corg 

throughout Z3 is -24.65‰; however, isotopic signatures of sediments collected from the 

Middle Arm are more enriched in 13C (-23.95‰ and -24.44‰) than those in the Canoe 

Passage (-25.41‰).   
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Zone 4 (Z4) 

Zone 4 includes 14 sampling sites distributed along three bars in the river reach 

between 22 and 37 river km (Fig. 1.9). Zone 4 encompasses the Main Channel seaward 

of the maximum salinity incursion, and includes the transition from brackish water to 

freshwater. Sediments are exposed to mesohaline-oligohaline water salinities during 

spring tides and base-flow conditions. Exposure to freshwater increases in the landward 

direction, such that bars at the landward end of Z4 experience prolonged freshwater and 

only periodic brackish-water conditions. Sampled sediments from Z4 range from poorly 

sorted, very coarse silt to poorly sorted, very fine-grained sand. Mean grain size is 50 

μm and the average mud content is 54.8%. The average absolute abundance of 

dinocysts is 94 dinocysts g-1 and palynological assemblages contain an average of 0.6% 

dinocysts as a percentage of the total palynomorph population. As in Z3, cysts of 

Alexandrium spp. dominate the identified dinocyst taxa in Z4. However, at two sites, one 

cyst of either P. dalei and Echinidinium spp. was also found (Fig. 3.3). Species richness 

is 1-2. The only dinoflagellate theca found in the entire study was collected from Z4, but 

due to low preservation potential in rock-record applications it was not included in official 

counts. The average absolute abundance of terrigenous palynoflora in Z4 is 20,525 

palynomorphs g-1 of sediment. Sediments in Z4 have an average δ13Corg value of -

25.90‰. 

Zone 5 (Z5) 

Zone 5 includes nine samples collected from three bars (Fig. 1.9). This is the 

most landward zone in the study area and includes the Main Channel between 44 and 

65 river km. Zone 5 lies beyond the maximum saltwater incursion position, but is part of 

the tidal backwater. The tidal range in Z5 is approximately 2 m 

(www.wateroffice.ed.gc.ca; accessed May 17, 2013), and water salinity is sustained 

freshwater. Sample sediments in Z5 range from poorly sorted, very coarse silt to 

moderately sorted, medium-grained sand. Mean grain size is 115 μm and the average 

mud content is 37.3%. Sediments throughout Z5 contain an average of 73 dinocysts g-1. 

Dinocyst diversity is negligible, and, where found, the SR of dinocyst taxa was 1 (with 

the exception of station Z5-A-1, in which 2 taxa were identified). Palynological suites 

contain an average of 0.3% dinocysts. Taxa are limited to cysts of Alexandrium spp., 

with the exception of one cyst of Protoperidinium minutum sensu Ribiero (2010; Fig. 

http://www.wateroffice.ed.gc.ca/
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3.3). The average absolute abundance of terrigenous palynoflora in Z5 is 24,005 

palynomorphs g-1 of sediment, and the average δ13Corg value is -25.70‰. 

3.5. Discussion  

3.5.1. General Palynological trends 

Palynological assemblages throughout the study area are comparable to those 

found by Hutchinson et al. (1998), Radi et al. (2007) and Pospelova et al. (2010). 

Dinocyst taxa identified throughout the study area (Fig. 3.3; Table 1.2), including the 

freshwater-tidal reaches of the Fraser River, are cysts of marine dinoflagellates that 

have been previously identified in the SoG (Radi et al., 2007; Pospelova et al., 2010) 

Palynological assemblages are all disproportionately dominated by continental 

palynoflora, which generally constitute >99% of each assemblage (Fig. 3.1). Many pollen 

and spores identified in the Fraser River and SoG, including alder, spruce, and fern 

grains, were transported from riparian woodland ecosystems in the interior of British 

Columbia (Hutchinson et al., 1998). The population dominance of terrigenous 

palynoflora, even in the marine realm, reflects the dominance of sediment supplied from 

the Fraser River (Milliman, 1980; Johannessen et al., 2003).  

Absolute abundances of terrigenous palynoflora indicate a reduced terrestrial 

signature in the SoG compared to the lower Fraser River. However, these results do not 

show an obvious pattern across the TFT and into the marine realm. The lowest 

terrestrial signature of palynomorphs was noted in the channel sediments of Z3 (9,455 

terrigenous palynomorphs g-1 of sediment), as opposed to basinward delta front and 

prodelta locations. This anomalous finding could be attributed to the grain size bias (Fig. 

1.23), and it demonstrates that terrigenous palynological signatures, alone, cannot be 

used as a proxy for establishing sediment provenance. 

3.5.2. Palynology of the Lower Fraser River (TFT) 

The most abundant dinocyst taxon in the Fraser River is Alexandrium spp. (Fig. 

3.3; Table 1.2), which has a widespread distribution in the SoG following spring and 
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summer blooms (Pospelova et al., 2010). However, the near-exclusive presence of this 

particular species in the river has three important implications, including: 1) only a small 

portion of the overall dinocyst assemblage in the SoG is being transported up river; 2) 

brackish-water/tidal forces play some part in the deposition of sediments containing 

these dinocysts (Alexandrium spp. dinoflagellates are autotrophic and require light 

penetration into the water column to survive, so it is unlikely that cysts produced by them 

originated in the turbid waters of the Fraser River); and 3) the near-exclusive presence 

of Alexandrium spp. dinocysts in the brackish-water and freshwater reaches of the river 

suggests a broad salinity tolerance for its dinoflagellate counterpart. 

Towards the landward end of the brackish-water influenced river reach (Z4), the 

relative abundance of dinocysts is double that of the freshwater, tide-influenced part of 

the river (Z5): 0.3% vs 0.6%. Although the same number of sites was sampled in each 

zone, nearly five times as many dinocysts were encountered in Z4 compared to Z5. In 

addition, three dinocyst taxa were recovered in Z4, whereas only two species were 

found in Z5. These observations indicate that the diversity and abundance of marine-

derived palynomorphs is higher in the brackish-water tidal reach relative to the 

freshwater-tidal reach of the tidal fluvial transition (TFT).  

Our data also indicate that marine dinocysts such as cysts of Alexandrium spp. 

and Protoperidinium minutim can be deposited beyond the maximum landward extent of 

the salt wedge and the turbidity maximum zone. Using the slope equations established 

for dinocyst relative abundance as a function of river kilometers (Fig. 3.4), marine 

dinocysts should theoretically occur in sediments up to 83 km inland at the time of 

sampling (onset of freshet). This distance is relatively close to the gravel-sand transition 

and the landward limit of the tidal backwater zone in the Fraser River (100 km inland; 

Venditti et al., 2010). The coincident position of the tidal backwater limit with the 

calculated upstream limit of marine palynomorphs requires a mechanism to transport 

marine palynomorphs landward, albeit in very low concentrations. These possible 

mechanisms are discussed below; however, the two most plausible mechanisms behind 

the landward transport of dinocysts are tidal recirculation in the shallow water on top of 

channel bars and eolian transport via onshore winds. 
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1) The Fraser River runs through a highly urbanized area, with significant boat 

traffic up to 40 km inland. The maximum landward extent of marine boat traffic that 

carry/expel marine water from their ballasts is restricted to the Fraser Surrey Docks 

(FSD), which are located near the maximum landward saltwater incursion (Sean Baxter, 

Port Metro Vancouver, pers. comm.). In 2012, approximately 140 boats travelled up the 

Fraser River, docking at the FSD. The ballast water capacity of an average-sized boat 

docking at the FSD is 16,617 m3. This means that in 2012, approximately 2,326,380 m3 

of saline ballast was expelled into the Fraser River at the FSD, which only represents 

approximately 0.004% of average annual river flow (1,000 m3/s). Based on these values, 

and the maximum landward extend of ballast exchange, it is unlikely that tankers 

transporting saline water up the Fraser River would have an effect on the palynological 

population landward of the saltwater wedge. 

In addition, the Port Mann Bridge produces an anthropogenic tidal backwater for 

several kilometers upstream of its position, resulting in elevated mud deposition 

immediately upstream of the bridge (FREMP-BEAP, 2006). This transport mechanism is 

unlikely to affect dinocyst distributions because the observed palynological trend is 

predictable across multiple bars both seaward and landward of the Port Mann Bridge, 

and continues well landward of the maximum saltwater intrusion (Fig. 3.4).  

2) In the Lower Mainland of British Columbia there are two dominant wind 

directions – from the SE and NW (Dashtgard, 2011a). Wind-waves generated by winds 

blowing from the NW should theoretically be capable of transporting sediment landward 

in shallow water, enabling the landward transport and deposition of marine palynomophs 

into upstream intertidal areas. This mechanism is also deemed unlikely, because 

substantial wind-generated waves are uncommon in the Fraser River, and therefore not 

likely to yield the predictable distributions observed within the river (Figs. 3.2 and 3.4). 

Moreover, the predictable trend is recognizable on bars on both sides of the channel, 

and deposition in elevated areas is not observed along the SE bank of the river (Figs. 

3.1, 3.4).  

3) Marine dinocysts deposited in the lower reaches of the Fraser River could also 

be re-worked grains eroded from upstream Pleistocene-aged glaciomarine deposits. 

This mechanism is discounted for two reasons. Firstly, the marine dinocysts identified in 
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the study area contain protoplasm indicating that they are recent in age and not 

Pleistocene-aged (Lundholm et al., 2011). Secondly, if dinocysts were sourced from 

erosion of upstream glacial deposits and subsequently transported and deposited 

downstream, then the percentage of dinocysts should decrease towards the ocean (with 

increasing distance from the source). The opposite trend is observed in the Lower 

Fraser River, wherein dinocyst abundances increase in the seaward direction.   

4) During low tide, onshore winds blowing from the NW could be strong enough 

to entrain dinocysts deposited on the lower delta plain, and transport them landward 

onto intertidal channel margins. Although there is a paucity of literature on eolian 

transport of dinocysts, there is considerable literature on saltation and landward 

transport of sediments deposited on beaches (Nickling, 1984; Nordstrom and Jackson, 

1993; Arens, 1996; van der Wal, 1998; Davidson-Arnott et al., 2008). Saltation or 

entrainment by wind is only possible when eolian forces exceed the threshold shear 

velocity of sediments (Davidson-Arnott et al., 2008). Entrainment velocities increase with 

high sediment water content, increasing salinity, and/or algal growth on the sediment 

surface. Furthermore, threshold velocities are higher when the wind direction is onshore-

oriented (Nickling, 1984; Arens, 1996). Most of the above-mentioned factors – high 

sediment water content, saline water, algal binding of the sediment - are observed in the 

seaward portion of the study area, so one can assume that the wind velocity required to 

transport dinocysts landward would need to be relatively high. Nonetheless, studies by 

Nordstrom and Jackson (1993) have shown that even narrow beaches can supply 

considerable amounts of sediment to the hinterland via eolian forcing, and thus, small 

amounts of exposed sediments containing dinocysts in the lower reaches of the Fraser 

River could theoretically be transported landward.     

5) The last possible mechanism that could explain the predictable distribution of 

marine palynomorphs in the freshwater tidal reach of the river is that, at least in shallow 

water depths, tidally forced recirculation must be occurring in the freshwater-tidal zone. 

In a study along the Atlantic Coastal Plain, Meade (1969) explored the possibility of 

landward-directed tidal forcing of suspended sediments in estuaries. His study compared 

flow velocities and suspended sediment concentrations (SSC) during a single tidal cycle 

at two sites: a freshwater-tidal location and a downstream brackish-water position. In the 

brackish-water location, high SSCs and flow velocities were observed during both the 



 

69 

ebb and flood tide. At the freshwater-tidal location, high SSCs and flow velocities were 

recorded only during flood tide, and maximum flow velocities and SSCs were notably 

lower during the ebb tide. Meade (1969) argued that high SSCs in the freshwater-tidal 

location associated with the flood tide could be evidence of landward-directed sediment 

transport by tidal forcing. The Fraser River is a very different system than the one 

studied by Meade (1969), in that freshwater discharge from the river is comparably high. 

Furthermore, we remain unsure as to how sediment is transported landward through the 

freshwater-tidal reach.  

3.5.3. Palynology of the Strait of Georgia 

The disproportionately high concentration of pollen and spores in the lower 

Fraser River is mirrored in the sampled sediments of the delta front and prodelta, where 

they comprise 90-99% of the total palynological population. The absolute abundance 

ratios of dinocysts versus other organic palynomorphs are approximately 1.5 orders of 

magnitude lower. This result is comparable to that obtained by Pospelova et al. (2010) at 

a nearby sampling station. Furthermore, the maximum abundance of dinocysts (1,023 

dinocysts g-1 of sediment) in prodelta sediments is markedly lower than average dinocyst 

abundances in sediments of the Saanich Inlet (~30,000 - 120,000 dinocysts g-1), which is 

not directly sourced from the Fraser (Price and Pospelova, 2011; Mertens et al., 2012a). 

From these findings, we conclude that the palynological signature of the delta front and 

prodelta remains very strongly “terrestrial” and is largely controlled by the dominant 

sediment source: the Fraser River.  

 Prodeltaic sediments (Z1) exhibit the highest relative and absolute abundances 

of dinocysts throughout the study area: ~7% and 1,023 dinocysts g-1 of sediment, 

respectively (Fig. 3.2). In fact, absolute abundances are approximately ten times higher 

in prodelta sediments than any other location sampled in this study. SR values (between 

3 and 6) in Z1 are comparable to those determined by Radii et al. (2007) and Pospelova 

et al. (2010) and are the highest in the study. The high SR values indicate that species 

are diverse and are evenly distributed in prodelta sediments. Assemblages are 

dominated by heterotrophic Echinidium spp. dinocysts, whose population increases 

concurrently with increased sea surface temperatures in early spring (Fig. 3.3; Table 1.2; 

Pospelova 2010).  
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Upper delta-front sediments (Z2) show a markedly different palynological 

signature compared to the prodelta. The maximum relative and absolute abundance 

values of dinocysts are 1.6% and 72 dinocysts g-1 of sediment, respectively. These 

values are noticeably lower than in the prodelta, and indicate that fewer palynomorphs, 

as a percentage of the total sediment volume, are being deposited in the upper delta 

front. This phenomenon can be partly explained by the elevated sedimentation rates and 

sand-dominated deposition near the mouth of the river (Hart and Barrie, 1995; Hart et 

al., 1998) and at the delta front to lower delta plain transition (Hill et al., 2008; Houser 

and Hill, 2010; Ayranci et al., 2012), and partly by the preferential concentration of 

palynomorphs in mud (Fig. 1.23). In the upper delta front, sampled sediments contain an 

average of 6% mud, whereas prodelta sediments contain an average of 29% mud.  

3.5.4. Geochemical trends 

Our δ13Corg data fall within the expected range of signatures for estuarine 

environments: -20‰ to -26‰ (Cifuentes et al., 1988; Chmura and Aharon, 1995; 

Pospelova et al., 2002). Measured δ13Corg enrichment values range from a minimum of -

26.55‰ in the freshwater reaches of the river to a maximum of -21.08‰ in euhaline 

prodelta sediments. The dominance of terrigenous-sourced carbon is found in all Fraser 

River sediments, and is manifest as a strong terrestrial carbon-isotope signature (-26‰ 

to -27‰; Figs. 3.2, 3.4). The terrestrial-carbon signature persists throughout the river, to 

the upper- to lower-delta plain break (Figs. 3.2, 3.4). These results indicate that 

allochthonous marine organic material transported up the river represents a subordinate 

carbon source, and that marine geochemical signatures do not track water salinity 

(considered as a proxy for marine influence) through the TFT. Even on the delta front 

and prodelta, the well-defined increase in carbon-13 enrichment (Fig. 3.2) still 

demonstrates substantial terrigenous-carbon input in these sediments. The strong 

terrestrial signature in delta front and prodelta deposits is consistent with observations 

made by Johannesen et al. (2003), who demonstrated that the Fraser River supplies 

approximately 30% of the dissolved and particulate organic carbon found in the SoG.  

A comparison of the geochemical results from the Fraser River Delta to the Tay 

Estuary, Scotland (Thornton and McManus, 1994) indicate noteworthy, but expected 

differences. The δ13Corg values from the Tay Estuary ranged from -26.60‰ in the most 
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upstream freshwater location to -23.02‰ at its mouth (Thornton and McManus, 1994), 

broadly similar to the Fraser River. By contrast, the inflection point in the isotopic 

signature of the Fraser River (from dominantly terrestrial to increasingly marine-sourced 

carbon) occurs near the upper- to lower-delta plain break (Figs. 3.2, 3.4), whereas the 

inflection point for the Tay Estuary occurs near the landward limit of saltwater intrusion. 

This difference in the inflection points likely reflects differences in river influence on 

sediment deposition, although additional work is needed to constrain this relation. 

3.6. Implications for the rock record  

Understanding the provenance of organic matter in sediments can assist in 

interpreting depositional mechanisms in complex, mixed tidal-fluvial deposits preserved 

in the rock record. However, to interpret palynological and geochemical datasets derived 

from the rock record, it is necessary to collect equivalent data from modern systems, 

where depositional environments and processes can be discerned more readily. 

Through this research on the Fraser River and its delta, we have defined several 

palynological and geochemical trends that are applicable to tidally influenced deltas, and 

may aid in interpreting palynological and geochemical datasets from other river-

dominated marginal-marine systems preserved in the rock record (Fig. 3.5). 
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Figure 3.5: Palynological and geochemical model for a fluvial-dominated, tidally 

influenced system 
Schematic diagram showing general palynological and geochemical trends from the freshwater-tidal zone to the 
euhaline marine realm in a fluvial-dominated, tidally influenced system. The trends are presented in a general form, but 
are based on data from this study. 

1) In marginal-marine settings, low abundances and species diversity of 

dinocysts, coupled with a “terrestrial” geochemical signature (<-25 ‰) do not necessarily 

indicate deposition in a terrestrial environment. For example, in the Fraser River the 

abundance and species diversity of dinocysts is very low from the freshwater-tidal zone 

through to the brackish-water-tidal zone. These low values are indicative of 

overwhelming river-derived sediment deposition, and the presence of marine dinocysts 

(< 1%) constitutes the only palynological or geochemical indicator of tidal and/or 

brackish-water influence. Rather than considering absolute abundances of dinocysts, 

species richness is a far more accurate indicator of marine influence. Furthermore, low 

numbers of terrigenous palynomorphs do not necessarily indicate deposition in a marine 

environment. Absolute abundances of terrestrial palynomorphs lack an observable 

pattern across the study area, and thus, terrestrial signatures, alone, cannot be used as 

a proxy for establishing sediment provenance. 
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2) Dinocyst abundances above 1% of the total palynomorph population can 

indicate a significant marine influence on sediment deposition. In this study, > 1% 

palynomorphs were only encountered in the prodelta (below 150 m water depth), where 

euhaline conditions persist and salinity is stable. In the prodelta, however, dinocysts still 

only constitute < 7% of each palynological assemblage. Ancient deposits that are only 

cursorily evaluated may lead to missing the few individual dinocysts that nonetheless 

demonstrate a significant saline influence on deposition. 

3) In order to maximize marine palynomorph recovery, mud beds should be 

sampled, and preferably those with pervasive bioturbation. Palynomorphs act 

hydraulically like silt particles (Dale, 1976; Kapp et al., 2000; Zonneveld and Brummer, 

2000), and hence, occur in higher concentrations in mud beds (Fig. 1.23). During the 

freshet, mud can be rapidly deposited (Sisulak and Dashtgard, 2012), and palynomorphs 

in these rapidly deposited muds will likely be of terrestrial origin. During base flow 

conditions, when saline incursion is at its highest, muddy sediments are colonized by 

marine infauna and their activity leads to bioturbation. Biogenically reworked mudstones 

are therefore indicative of slower sedimentation under lower flow conditions, favouring 

units that host a higher concentration of marine palynomorphs (possibly transported 

either via tidal recirculation of eolian forces) in sedimentary deposits (e.g., MacEachern 

et al., 1999). 

 4) Marine palynomorphs can occur, albeit in very low concentrations, up to the 

landward limit of the tidal backwater zone. In the Fraser River and during the onset of 

freshet (~5,000 to 6,000 m3s-1), marine dinocysts theoretically occur up to 83 km inland, 

which is close to the sand-to-gravel transition and the landward limit of the tidal 

backwater zone (~100 km). It is possible that during periods of base flow this trend may 

extend all the way to the landward limit of the tidal backwater zone due to more effective 

tidal recirculation (Fig. 3.4). 

5) In tidally influenced deltas, palynological and geochemical data will likely be 

less useful in establishing depositional conditions compared to sedimentological and 

ichnological datasets. In the Fraser River, ichnological trends are a better indicator of 

brackish-water conditions, and both ichnological and sedimentological datasets provide 

stronger evidence of tidal deposition along the tidal-fluvial continuum (Dashtgard, 2011b; 
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Johnson, 2012; Sisulak and Dashtgard, 2012). A similar disparity exists between the 

ichnological-sedimentological dataset and palynological associations collected from 

estuarine deposits in the McMurray Formation and other ancient successions (cf. 

MacEachern et al., 1999b). 

6) Rather than interpreting individual data points, palynological and geochemical 

datasets should be evaluated on a larger scale, in order to capture general trends, while 

removing local variations caused by biases (e.g., grain size). 
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4. Conclusions 

Palynological and geochemical characteristics of sediments along the 

depositional profile of the lower Fraser River and delta were studied in order to 

determine whether a quantifiable organic signature could be observed along the marine- 

to- tidal-freshwater continuum. The main objective of the study was to see if 

palynological and geochemical datasets can be used to recognize differences in 

brackish-water and tidal controls on sediment deposition across the tidal-fluvial 

transition. This was tested by measuring the organic signature of sediments (interpreted 

to comprise autochthonous as well as allochthonous organic debris) and linking it to 

local physiochemical characteristics such as grain size, salinity, tidal amplitude, organic 

carbon sources, and distance from the Strait of Georgia. Contrary to most palynological 

studies, organic data were examined from a sedimentological perspective, wherein 

hydrodynamic conditions affecting transport and deposition were considered, and 

palynomorphs were used to infer sediment provenance. The study was conducted on 

modern sediments, with the intention of producing an analogue dataset that can be 

compared to ancient palynological and geochemical datasets from paleo-marginal-

marine deposits. Moreover, this study fills a gap in knowledge of the palynological 

assemblages that link the marine realm to the continental realm. This is because relative 

proportions of marine and continental palynomorphs deposited along a tidal-fluvial 

continuum were equally examined. At the beginning of the study, three questions were 

posed. Based on conclusions from this study, answers to these questions are outlined, 

below. 

1) What are the palynological and geochemical trends as a function of 

hydrodynamic conditions across the depositional profile of the lower Fraser River and 

delta? 

The Fraser River study has established that palynological and geochemical 

trends can be recognized from the freshwater-tidal part of the system through to marine 
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sediments deposited on the prodelta. However, trends landward of the upper/lower delta 

plain boundary and through the freshwater-brackish-water transition zone are not readily 

recognizable due to low numbers and minor differences in the abundance and species 

diversity of dinocysts. Disproportionately high concentrations of pollen and spores 

(between 90-99% of the total palynological population) were observed, regardless of 

deposition energy, in the lower Fraser River, delta front, and prodelta sediments. 

Geochemical data also indicated strongly terrestrial signatures across the TFT, with 

marine-indicating Carbon-13 enrichment observed only seaward of the upper/lower delta 

plain break. The above findings show that the palynological and geochemical signatures 

across the study area are strongly “terrestrial”, and are thus largely controlled by the 

dominant sediment source: the Fraser River.  

A second important point taken from the study is that sediment grain sizes (and 

accordingly the hydrodynamic conditions behind sediment deposition) play a key role in 

the deposition of palynomorphs, regardless of depositional environment. Palynomorphs 

typically behave as silt-sized particles in the sedimentary regime. Therefore, 

hydrodynamic conditions that favor the deposition of fine-grained sediments would be 

equally favorable to the deposition of palynomorphs. This was evident in the 

palynological distribution across the study area, as absolute abundances of 

palynomorphs were highest in areas with correspondingly high mud content. 

2) How does the palynological signature compare to the geochemical one? Is it 

possible to conclude which parameter best reflects the degree of tidal and/or saltwater 

influence on sediment deposition? 

Palynological and geochemical signatures are comparable across the study area. 

Both parameters showed minimal variability in the TFT, however, palynological 

signatures display an observable, albeit minor, trend. Conversely, despite indicating that 

allochthonous marine organic material transported up the river represents a subordinate 

carbon source, it was evident that marine geochemical signatures do not track water 

salinity (considered as a proxy for marine influence) through the TFT. The inflection point 

of both palynological and geochemical signatures (from dominantly terrestrial to 

increasingly marine) similarly occurred at the boundary between the upper and lower 

delta plain, at approximately 9.5 river kilometers.  
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3) Is the palynological and geochemical signature strong enough to develop a 

predictive model for determining relative depositional position in analogous deposits in 

the rock record?  

This study demonstrates that there is minimal variability of palynological and 

geochemical signatures across the tidal-fluvial transition, and thus, it is unlikely that such 

minor trends could be resolved in the rock record. However, regional trends in the lower 

Fraser River were amplified when data was grouped and observed on a zonal scale. 

This suggests that, for rock record applications, palynological and geochemical datasets 

should be grouped prior to comparison across a large area in order to remove local 

variations caused by biases such as grain size. The best way to group the data would be 

to rely on sedimentological and ichnological observations to establish environmental 

zones, and palynological and geochemical data could then be used to validate those 

observations.  

In conclusion, this study has shown that palynological and geochemical 

signatures of sediments deposited in fluvially dominated marginal-marine settings vary 

with marine influence, but only to a small degree. Because this study is relatively unique, 

it is recommended that future research be conducted on other marginal-marine systems 

such as estuaries, tidal-dominant deltas, etc., in order to establish other palynological 

and geochemical datasets that can be used to develop analogue models for comparison 

to a wide array of ancient deposits. Furthermore, other studies of systems that 

experience different flow conditions may reveal more distinctive trends than those 

observed in the tidally influenced lower Fraser River and delta. Lastly, additional work is 

warranted to explore the potential mechanisms behind the landward-directed transport of 

marine palynomorphs in the freshwater-tidal reaches of the river systems. 
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Z5-C-3 49.173 122.576 65.0 5/4/2012 0.3321 Medium Sand Moderately Sorted 4.5% -25.27 37168 1 0.65 1225 8 1233 149 7 5 2 10 102 2 13 15 3 1230 2

Z5-C-2 49.173 122.577 64.9 5/4/2012 0.0902 Very Fine Sand Poorly Sorted 34.4% -25.98 37168 0 0.00 11608 0 11608 150 12 5 6 8 95 5 7 11 5 157

Z5-C-1 49.175 122.580 64.7 5/4/2012 0.1423 Fine Sand Very Poorly Sorted 26.6% -25.88 37168 0 0.00 15588 0 15588 178 9 6 2 5 92 1 4 7 4 108

Z5-B-2 49.192 122.723 52.3 5/4/2012 0.2958 Medium Sand Moderately Sorted 4.5% -24.28 N/A

Z5-B-3 49.191 122.723 52.4 5/4/2012 0.0477 Very Coarse Silt Poorly Sorted 53.8% -25.90 37168 1 0.33 17467 57 17525 180 10 2 2 5 88 2 9 5 2 110 1

Z5-B-1 49.193 122.724 52.1 5/4/2012 0.2961 Medium Sand Moderately Sorted 26.6% -24.74 N/A

Z5-A-1 49.225 122.811 44.0 5/5/2012 0.0410 Very Coarse Silt Poorly Sorted 59.9% -26.55 37168 2 0.98 45487 449 45936 51 5 1 13 2 217 2 12 1 54 2 1

Z5-A-2 49.225 122.809 44.2 5/5/2012 0.0882 Very Fine Sand Very Poorly Sorted 37.1% -26.28 37168 0 0.00 29498 0 29498 70 12 3 7 17 191 3 8 4 63

Z5-A-3 49.225 122.807 44.3 5/5/2012 0.0621 Very Coarse Silt Poorly Sorted 45.2% -26.41 37168 0 0.00 47164 0 47164 46 6 3 6 20 239 5 5 5 48

Z4-C-4 49.200 122.900 36.6 5/5/2012 0.0756 Very Fine Sand Poorly Sorted 36.0% -26.03 37168 1 0.94 7755 74 7829 194 10 4 6 72 22 8 233 3

Z4-C-3 49.200 122.901 36.6 5/5/2012 0.0776 Very Fine Sand Poorly Sorted 35.3% -26.12 37168 1 1.32 14999 200 15199 182 15 12 3 3 57 2 6 13 7 126 4 1

Z4-C-2 49.199 122.901 36.5 5/5/2012 0.0313 Very Coarse Silt Poorly Sorted 69.7% -25.47 37168 2 0.62 19569 122 19690 163 16 3 1 7 103 2 11 3 10 3 139 1 1 1 1

Z4-C-1 49.198 122.901 36.4 5/5/2012 0.0334 Very Coarse Silt Poorly Sorted 67.8% -25.57 37168 0 0.00 42516 0 42516 99 10 5 18 3 162 1 4 10 2 61

Z4-B-1 49.164 122.984 28.1 5/6/2012 0.0432 Very Coarse Silt Poorly Sorted 56.7% -26.01 37168 0 0.00 14740 0 14740 206 10 4 2 8 43 2 4 12 10 138

Z4-B-2 49.165 122.981 28.3 5/6/2012 0.0346 Very Coarse Silt Poorly Sorted 62.0% -25.99 37168 1 0.65 14948 98 15046 211 14 9 7 5 36 1 9 13 158 2

Z4-B-3 49.166 122.977 28.7 5/6/2012 0.0385 Very Coarse Silt Poorly Sorted 61.3% -26.07 37168 1 0.95 17896 172 18068 177 25 11 3 2 72 2 8 8 4 120 3

Z4-B-4 49.167 122.973 28.9 5/6/2012 0.0350 Very Coarse Silt Poorly Sorted 66.6% -26.00 37168 1 0.66 12096 80 12176 168 34 16 1 6 45 24 1 5 2 232 2 1

Z4-B-5 49.167 122.971 29.1 5/6/2012 0.0325 Very Coarse Silt Poorly Sorted 69.9% -25.78 37168 1 0.33 19674 64 19738 193 30 20 3 12 14 5 13 13 3 141 1

Z4-A-5 49.139 123.044 22.8 5/8/2012 0.0481 Very Coarse Silt Poorly Sorted 53.8% -25.71 37168 1 0.33 25323 83 25406 170 20 7 5 9 61 4 7 16 5 97 1

Z4-A-4 49.137 123.046 22.4 5/8/2012 0.0532 Very Coarse Silt Poorly Sorted 51.7% -26.04 37168 1 1.33 16609 224 16833 133 38 5 1 6 65 6 29 11 2 138 4

Z4-A-3 49.135 123.048 22.2 5/8/2012 0.0540 Very Coarse Silt Poorly Sorted 50.2% -25.77 37168 0 0.00 30278 0 30278 166 21 12 7 4 64 1 5 18 7 78 2

Z4-A-2 49.132 123.051 21.8 5/8/2012 0.0506 Very Coarse Silt Poorly Sorted 53.4% -26.16 37168 2 1.30 15052 199 15251 183 15 13 5 6 47 8 20 6 174 3 1

Z4-A-1 49.131 123.049 21.8 5/8/2012 0.0348 Very Coarse Silt Poorly Sorted 67.8% -25.93 37168 0 0.00 35901 0 35901 121 18 13 15 11 108 2 6 7 5 72

Z3-A-1 49.071 123.158 9.2 5/7/2012 0.1866 Fine Sand Poorly Sorted 17.6% -25.36 37168 3 1.30 2081 27 2108 130 5 3 9 9 122 8 1 12 4 796 1 2 1

Z3-A-2 49.071 123.155 9.4 5/7/2012 0.0417 Very Coarse Silt Poorly Sorted 59.4% -25.63 37168 0 0.00 12923 0 12923 188 10 10 5 13 40 2 10 19 5 202

Z3-A-3 49.071 123.150 9.7 5/7/2012 0.3917 Medium Sand Poorly Sorted 7.6% -25.14 37168 1 0.96 3034 29 3064 156 13 8 15 91 6 11 4 5 498 3 1

Z3-A-4 49.072 123.141 10.5 5/7/2012 0.3179 Medium Sand Poorly Sorted 7.4% -25.71 37168 1 1.30 2303 30 2334 160 7 2 8 15 80 20 6 5 764 4

Z3-A-5 49.075 123.135 10.9 5/7/2012 0.2903 Medium Sand Poorly Sorted 14.1% -25.45 37168 1 1.61 3830 63 3892 206 9 3 7 18 37 3 13 8 1 429 5 2 2

Z3-A-6 49.077 123.133 11.2 5/7/2012 0.0645 Very Fine Sand Poorly Sorted 44.5% -25.15 37168 0 0.00 12840 0 12840 140 10 4 8 3 107 7 1 18 6 160

Z3-C-5 49.177 123.188 8.0 3/26/2012 0.0614 Very Coarse Silt Poorly Sorted 47.7% -24.07 37168 0 0.00 36042 0 36042 110 5 4 15 7 166 3 2 3 5 75

Z3-C-4 49.177 123.192 7.7 3/26/2012 0.7500 Coarse Sand Moderately Sorted 1.6% -24.12 37168 3 0.98 2585 26 2610 96 1 13 6 161 2 13 1 3 6 564 1 1 1

Z3-C-3 49.177 123.195 7.5 3/26/2012 0.0740 Very Fine Sand Poorly Sorted 42.6% -24.30 37168 2 0.66 15904 106 16010 184 16 13 9 13 47 3 13 2 171 1 1

Z3-C-2 49.178 123.197 7.3 3/26/2012 0.0579 Very Coarse Silt Poorly Sorted 48.7% -23.87 37168 2 1.61 22021 361 22382 109 11 7 13 16 108 5 21 3 10 2 143 4 1 2

Z3-C-1 49.178 123.199 7.3 3/26/2012 0.0553 Very Coarse Silt Poorly Sorted 50.8% -23.37 37168 1 0.33 13520 45 13564 108 8 6 7 8 139 1 16 7 3 170 1

Z3-B-5 49.185 123.218 5.4 3/25/2012 0.2611 Medium Sand Poorly Sorted 14.8% -24.64 37168 0 0.00 3074 0 3074 219 16 8 6 8 19 7 5 1 6 5 417 1

Z3-B-4 49.185 123.220 5.6 3/25/2012 0.2104 Fine Sand Poorly Sorted 18.2% -23.27 37168 3 1.95 5284 105 5389 158 12 9 16 17 55 2 12 8 12 316 4 1 1

Z3-B-3 49.186 123.228 4.8 3/25/2012 0.8890 Coarse Sand Moderately Sorted 42.6% -24.31 N/A 2 1

Z3-B-2 49.186 123.234 4.4 4/6/2012 0.2325 Fine Sand Poorly Sorted 10.8% -24.82 37168 0 0.00 2656 0 2656 210 19 3 5 18 10 3 19 6 8 577

Z3-B-1 49.186 123.236 4.2 4/6/2012 0.1227 Very Fine Sand Very Poorly Sorted 29.7% -25.15 37168 1 0.66 3727 25 3752 197 8 6 8 5 44 1 10 2 14 6 435 2

Z2-A-1 49.107 -123.314 0.9 5/23/2012 0.1505 Fine Sand Poorly Sorted 8.7% -24.07 37168 0 0.00 16344 0 16344 218 19 12 5 14 10 2 3 17 5 102

Z2-A-2 49.107 -123.314 0.9 5/23/2012 0.1112 Very Fine Sand Poorly Sorted 12.8% -24.42 37168 1 0.32 22155 72 22226 220 17 12 8 10 26 1 3 8 4 96 1

Z2-B-1 49.019 123.221 -0.5 5/23/2012 0.3371 Medium Sand Poorly Sorted 1.5% -24.24 37168 3 1.63 903 15 918 209 17 6 6 24 9 6 8 14 2 1796 1 3 1 3

Z2-B-2 49.019 123.221 -0.5 5/23/2012 0.2576 Medium Sand Poorly Sorted 2.7% -25.03 37168 2 0.66 3634 24 3658 144 33 6 17 12 42 12 15 12 7 529 1 1

Z1-A-1 49.024 123.469 -13.3 5/23/2012 0.0473 Very Coarse Silt Poorly Sorted 36.8% -22.58 37168 4 5.31 13903 779 14682 144 3 27 98 17 1 23 7 19 159 3 2 5 9

Z1-A-2 49.024 123.469 -13.3 5/23/2012 0.0406 Very Coarse Silt Poorly Sorted 49.1% -21.83 37168 4 6.82 13960 1023 14983 132 5 12 31 107 6 2 13 6 190 7 8 1 7

Z1-B-1 48.975 123.306 -7.8 5/23/2012 0.1045 Very Fine Sand Poorly Sorted 16.4% -22.85 37168 3 5.05 17345 922 18267 96 11 4 26 60 73 5 8 9 9 129 1 3 12

Z1-B-2 48.975 123.306 -7.8 5/23/2012 0.0840 Very Fine Sand Poorly Sorted 19.3% -21.08 37168 4 3.14 15251 495 15747 129 10 3 46 77 15 1 5 19 3 139 1 2 6 1

Z1-C 49.142 123.358 -4.8 5/23/2012 0.0697 Very Fine Sand Poorly Sorted 21.5% -23.47 37168 6 3.45 22714 811 23525 193 7 11 41 25 6 12 7 6 105 1 5 1 1 2 1
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Appendix B. Palynomorph Count Sheets 
 

 



Site	  ID: Z1-‐A-‐1
Dry	  weight	  

(g): 5.7 Date	  counted: 05-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 159
Start	  

coordinates: Slide	  B:	  30,11.5 Comments: Total	  Palynomorphs: 358

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 19

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp. 9

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp. 2
Cyst	  of	  Polykrikos	  schwartzii 5

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus 3

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 24

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 159
Σ	  SPORES 26

7
Pteridium	  (Bracken	  fern) 19

Tsuga	  heterophylla	  (W.	  Hemlock) 98

Σ	  TREES 289

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

1
Poaceae	  (grass) 23

Abies	  (Truefir)

TR
EE
S

Conifers
Pinus	  (Pine) 144
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 17

Cupressaceae	  (Red	  Cedar) 27

abundant	  org.	  debris,	  v.	  few	  mineral	  grains
(End:	  8.5,17.5)

Taxon Count: Re-‐worked	  count: Comments:

3



Site	  ID: Z1-‐A-‐2
Dry	  weight	  

(g): 4.4 Date	  counted: 27-‐Nov-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 190
Start	  

coordinates: Comments: Total	  Palynomorphs: 337

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 23

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum 1
Echinidinium	  spp. 6

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp. 1
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

7
Spiniferites	  spp.	  and	  S.	  ramosus 8

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 8

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 190
Σ	  SPORES 19

13
Pteridium	  (Bracken	  fern) 6

Tsuga	  heterophylla	  (W.	  Hemlock) 107

Σ	  TREES 287

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

6
Poaceae	  (grass) 2

Abies	  (Truefir) 12

TR
EE
S

Conifers
Pinus	  (Pine) 132
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder)

Cupressaceae	  (Red	  Cedar) 31

no	  mineral	  grains

Taxon Count: Re-‐worked	  count: Comments:

5

Slide	  A:	  31,10	  	  (End:	  30,15)



Site	  ID: Z3-‐B-‐5
Dry	  weight	  

(g): 8.7 Date	  counted: 22-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 417
Start	  

coordinates: Slide	  A:	  33.5,13 Comments: Total	  Palynomorphs: 300

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Palynomorph	  Type	  X 1

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 13

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 417
Σ	  SPORES 11

6
Pteridium	  (Bracken	  fern) 5

Tsuga	  heterophylla	  (W.	  Hemlock) 8

Σ	  TREES 276

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad) 1

7
Poaceae	  (grass) 5

Abies	  (Truefir) 8

TR
EE
S

Conifers
Pinus	  (Pine) 219
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 19

Cupressaceae	  (Red	  Cedar) 6

mineral-‐rich	  
Slide	  B:	  35,13	  (End:	  35,	  20.5)

Taxon Count: Re-‐worked	  count: Comments:

16



Site	  ID: Z4-‐B-‐1
Dry	  weight	  

(g): 5.5 Date	  counted: 17-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 138
Start	  

coordinates: Slide	  A:	  34,13 Comments: Total	  Palynomorphs: 301

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

relatively	  high	  mineral	  content,	  palynomorph	  
count	  unaffected	  

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  delicatum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

Spiniferites	  spp.	  and	  S.	  ramosus

Echinidinium	  aculeatum

Pteridium	  (Bracken	  fern) 10

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

4

Σ	  HERBS	  AND	  SHRUBS 6

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 138
Σ	  SPORES 22

12

Σ	  TREES 273

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

2
Poaceae	  (grass)

TR
EE
S

Conifers
Pinus	  (Pine) 206
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 43

Cupressaceae	  (Red	  Cedar) 2
Tsuga	  heterophylla	  (W.	  Hemlock) 8

Slide	  B:	  33,13	  (End:	  35,17)

Taxon Count: Re-‐worked	  count: Comments:

10
Abies	  (Truefir) 4



Site	  ID: Z4-‐B-‐2
Dry	  weight	  

(g): 4.8 Date	  counted: 05-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 158
Start	  

coordinates: Slide	  A:	  32,13 Comments: Total	  Palynomorphs: 307
Slide	  B:	  34,13	  (only	  top	  2	  transects	  required)

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 2

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 2
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

Pteridium	  (Bracken	  fern)

Spiniferites	  spp.	  and	  S.	  ramosus

9

Σ	  HERBS	  AND	  SHRUBS 10

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 158
Σ	  SPORES 13

13

Σ	  TREES 282

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

1
Poaceae	  (grass)

TR
EE
S

Conifers
Pinus	  (Pine) 211
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 36

Cupressaceae	  (Red	  Cedar) 7
Tsuga	  heterophylla	  (W.	  Hemlock) 5

some	  mineral	  content

Taxon Count: Re-‐worked	  count: Comments:

14
Abies	  (Truefir) 9



Site	  ID: Z4-‐B-‐3
Dry	  weight	  

(g): 5.4 Date	  counted: 23-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 120
Start	  

coordinates: Comments: mineral-‐rich Total	  Palynomorphs: 315

Palynomorph	  
Type

Slide	  A:	  33,13	  (End:	  13,27)

Σ	  DINOFLAGELLATES 3

Unidentifiable	  (coordinates)	  

Selenopemphix	  nephroides
Selenopemphix	  quanta

Islandinium?	  minutum
Islandinium?	  minutum	  var.cesare

Echinidinium	  spp.
Quinquecuspis	  concreta

Echinidinium	  delicatum
Echinidinium	  granulatum

Dubridinium	  spp.
Echinidinium	  aculeatum

Cyst	  of	  Polykrikos	  schwartzii
Cyst	  of	  Protoperidinium	  americanum

Spiniferites	  spp.	  and	  S.	  ramosus
Brigantedinium	  spp.

Operculodinium	  centrocarpum

Σ	  SPORES 12

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 3
Cyst	  of	  Pentapharsodinium	  dalei

4
Lycopodium	  (exotic	  spike) 120SP

O
RE

S

Ferns
Polypodiaceae	  (monolete) 8
Pteridium	  (Bracken	  fern)

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge) 2
Poaceae	  (grass)

Typha	  (cattail	  -‐	  Tetrad)
Σ	  HERBS	  AND	  SHRUBS 10

8
Marsh/Meadow

Alnus	  (Alder) 72
Σ	  TREES 290

Tsuga	  heterophylla	  (W.	  Hemlock) 2
Other	  Trees

Taxon Count: Re-‐worked	  count: Comments:

TR
EE
S

Conifers

Abies	  (Truefir) 11
Cupressaceae	  (Red	  Cedar) 3

Pinus	  (Pine) 177
Picea	  (Spruce) 25



Site	  ID: Z4-‐B-‐4
Dry	  weight	  

(g): 4.0 Date	  counted: 31-‐Jul-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 232
Start	  

coordinates: Slide	  A:	  42,114 Comments: Total	  Palynomorphs: 304

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 2

Biecheleria	  spp.	  (NOT	  included	  in	  counts) 1

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 2
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 25

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 232
Σ	  SPORES 7

5
Pteridium	  (Bracken	  fern) 2

Tsuga	  heterophylla	  (W.	  Hemlock) 6

Σ	  TREES 270

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad) 1

Poaceae	  (grass) 24

Abies	  (Truefir) 16

TR
EE
S

Conifers
Pinus	  (Pine) 168
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 45

Cupressaceae	  (Red	  Cedar) 1

lots	  of	  organic	  debris
Slide	  B:	  46.7,116	  (End:	  46.7,111.5)

Taxon Count: Re-‐worked	  count: Comments:

34



Site	  ID: Z4-‐B-‐5
Dry	  weight	  

(g): 4.1 Date	  counted: 10-‐Aug-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 141
Start	  

coordinates: Slide	  A:	  32,13 Comments: Total	  Palynomorphs: 307

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 1

v.few	  minerals,	  lots	  of	  wood	  and	  plant	  
fragments

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  delicatum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

Spiniferites	  spp.	  and	  S.	  ramosus

Echinidinium	  aculeatum

Pteridium	  (Bracken	  fern) 3

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

13

Σ	  HERBS	  AND	  SHRUBS 18

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 141
Σ	  SPORES 16

13

Σ	  TREES 272

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

5
Poaceae	  (grass)

TR
EE
S

Conifers
Pinus	  (Pine) 193
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 14

Cupressaceae	  (Red	  Cedar) 3
Tsuga	  heterophylla	  (W.	  Hemlock) 12

Slide	  B:	  32.5,13	  (End:	  34,	  20)

Taxon Count: Re-‐worked	  count: Comments:

30
Abies	  (Truefir) 20



Site	  ID: Z3-‐B-‐1
Dry	  weight	  

(g): 6.9 Date	  counted: 11-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 435
Start	  

coordinates: Slide	  A:	  34,13 Slide	  B:	  30,13 Comments: Total	  Palynomorphs: 303
Slide	  1:	  31.5,10
Slide	  2:	  32,17.5

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 2

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 2
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

Pteridium	  (Bracken	  fern) 6

Spiniferites	  spp.	  and	  S.	  ramosus

10

Σ	  HERBS	  AND	  SHRUBS 13

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 435
Σ	  SPORES 20

14

Σ	  TREES 268

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad) 2

1
Poaceae	  (grass)

TR
EE
S

Conifers
Pinus	  (Pine) 197
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 44

Cupressaceae	  (Red	  Cedar) 8
Tsuga	  heterophylla	  (W.	  Hemlock) 5

mineral-‐rich,	  low	  palynomorph	  #s

Taxon Count: Re-‐worked	  count: Comments:

8
Abies	  (Truefir) 6



Site	  ID: Z3-‐B-‐2
Dry	  weight	  

(g): 7.3 Date	  counted: 12-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 577
Start	  

coordinates: Slide	  A:	  31,13 Slide	  B:	  32,13 Comments: Total	  Palynomorphs: 301

Slide	  2:	  34,10	  	  (End:	  12,21)	  
Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 22

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 577
Σ	  SPORES 14

6
Pteridium	  (Bracken	  fern) 8

Tsuga	  heterophylla	  (W.	  Hemlock) 18

Σ	  TREES 265

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

3
Poaceae	  (grass) 19

Abies	  (Truefir) 3

TR
EE
S

Conifers
Pinus	  (Pine) 210
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 10

Cupressaceae	  (Red	  Cedar) 5

v.	  sparsely	  distributed	  palynomorphs	  on	  slide,	  
minor	  mineral	  and	  organic	  fragment	  content

Slide	  1:	  31.5,10

Taxon Count: Re-‐worked	  count: Comments:

19



Site	  ID: Z3-‐B-‐3
Dry	  weight	  

(g): 8.5 Date	  counted: 07-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 2426
Start	  

coordinates: Slide	  A:	  27.5,10 (End:	  	  16,28) Comments: Total	  Palynomorphs: 100

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 3

Palynomorph	  type	  Y	  (f/w) 2
Biecheleria	  spp.	  (NOT	  included	  in	  count) 1

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 3
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 11

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 2426
Σ	  SPORES 1

Pteridium	  (Bracken	  fern) 1

Tsuga	  heterophylla	  (W.	  Hemlock)

Σ	  TREES 85

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad) 1

1
Poaceae	  (grass) 9

Abies	  (Truefir) 1

TR
EE
S

Conifers
Pinus	  (Pine) 48
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 30

Cupressaceae	  (Red	  Cedar) 6

Taxon Count: Re-‐worked	  count: Comments:

poor	  slide	  recovery	  due	  to	  v.small	  sample	  size,	  
few	  mineral	  grains	  &	  org.	  debris;	  counted	  100	  
grains	  only



Site	  ID: Z3-‐B-‐4
Dry	  weight	  

(g): 6.7 Date	  counted: 30-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 316
Start	  

coordinates: Slide	  A:	  32.5,	  13 Comments: Total	  Palynomorphs: 307

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 6

Archaeperidinium	  saanichii 1
Cyst	  of	  P.	  fukuyoi 1

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 4
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 14

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 316
Σ	  SPORES 20

8
Pteridium	  (Bracken	  fern) 12

Tsuga	  heterophylla	  (W.	  Hemlock) 17

Σ	  TREES 267

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

2
Poaceae	  (grass) 12

Abies	  (Truefir) 9

TR
EE
S

Conifers
Pinus	  (Pine) 158
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 55

Cupressaceae	  (Red	  Cedar) 16

diminutive	  and	  abundant	  mineral	  grains,	  
sparsely	  distributed	  palynomorphs	  on	  slide

Slide	  B:	  33.5,13

Taxon Count: Re-‐worked	  count: Comments:

12



Site	  ID: Z5-‐B-‐2
Dry	  weight	  

(g): 7.4 Date	  counted: 10-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 1522
Start	  

coordinates: Slide	  A:	  27,9.5 Comments: Total	  Palynomorphs: 104

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 2

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 2
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 1

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 1522
Σ	  SPORES 2

2
Pteridium	  (Bracken	  fern)

Tsuga	  heterophylla	  (W.	  Hemlock) 3

Σ	  TREES 99

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

Poaceae	  (grass) 1

Abies	  (Truefir)

TR
EE
S

Conifers
Pinus	  (Pine) 41
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 52

Cupressaceae	  (Red	  Cedar) 2

Only	  counted	  100	  grains	  due	  to	  minimal	  
palynological	  content

Slide	  B:	  30,9.5	  	  (End:	  30,22)

Taxon Count: Re-‐worked	  count: Comments:

1



Site	  ID: Z5-‐B-‐3
Dry	  weight	  

(g): 5.9 Date	  counted: 11-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 110
Start	  

coordinates: Comments: Total	  Palynomorphs: 306

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 1

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 11

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 110
Σ	  SPORES 7

5
Pteridium	  (Bracken	  fern) 2

Tsuga	  heterophylla	  (W.	  Hemlock) 5

Σ	  TREES 287

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

2
Poaceae	  (grass) 9

Abies	  (Truefir) 2

TR
EE
S

Conifers
Pinus	  (Pine) 180
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 88

Cupressaceae	  (Red	  Cedar) 2

Taxon Count: Re-‐worked	  count: Comments:

Slide	  A:	  29,10	  	  	  (End:	  7,24)

10



Site	  ID: Z5-‐B-‐1
Dry	  weight	  

(g): 7.3 Date	  counted: 07-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 1020
Start	  

coordinates: Slide	  A:	  32.5,10 Comments: Total	  Palynomorphs: 50
Slide	  B:	  33,10

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 2

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 1020
Σ	  SPORES 3

1
Pteridium	  (Bracken	  fern) 2

Σ	  TREES 45

Poaceae	  (grass) 2
Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

TR
EE
S

Conifers
Pinus	  (Pine) 21
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 20

Cupressaceae	  (Red	  Cedar)
Tsuga	  heterophylla	  (W.	  Hemlock) 4

V.	  few	  grains	  (Counted	  to	  50	  only)	  -‐	  v	  mineral	  
rich	  sample	  with	  abundant	  lycopodium	  spores

Taxon Count: Re-‐worked	  count: Comments:

Abies	  (Truefir)



Site	  ID: Z5-‐A-‐1
Dry	  weight	  

(g): 4.6 Date	  counted: 14-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 54
Start	  

coordinates: Slide	  A:	  32,13 Comments: Total	  Palynomorphs: 307

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 3

17,20

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Protoperidinium	  minutum 1

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 2
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 2

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 54
Σ	  SPORES 13

12
Pteridium	  (Bracken	  fern) 1

Tsuga	  heterophylla	  (W.	  Hemlock) 2

Σ	  TREES 289

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

Poaceae	  (grass) 2

Abies	  (Truefir) 1

TR
EE
S

Conifers
Pinus	  (Pine) 51
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 217

Cupressaceae	  (Red	  Cedar) 13

few	  mineral	  grains

Taxon Count: Re-‐worked	  count: Comments:

5



Site	  ID: Z5-‐A-‐2
Dry	  weight	  

(g): 6.3 Date	  counted: 03-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 63
Start	  

coordinates: Comments: Total	  Palynomorphs: 315

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 3

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 63
Σ	  SPORES 12

8
Pteridium	  (Bracken	  fern) 4

Tsuga	  heterophylla	  (W.	  Hemlock) 17

Σ	  TREES 300

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

Poaceae	  (grass) 3

Abies	  (Truefir) 3

TR
EE
S

Conifers
Pinus	  (Pine) 70
Picea	  (Spruce)

Other	  Trees 191
Alnus	  (Alder)

Cupressaceae	  (Red	  Cedar) 7

poor	  slide	  quality	  due	  to	  abundant	  mineral	  
grains

Taxon Count: Re-‐worked	  count: Comments:

12

Slide	  A:	  34,13	  (End:	  12,26)



Site	  ID: Z5-‐A-‐3
Dry	  weight	  

(g): 5.5 Date	  counted: 16-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 48
Start	  

coordinates: Comments: Total	  Palynomorphs: 335

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Slide	  A:	  34,13	  (End:	  12,17.5)

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Spiniferites	  spp.	  and	  S.	  ramosus

Echinidinium	  aculeatum
Echinidinium	  delicatum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

Σ	  HERBS	  AND	  SHRUBS 5

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 48
Σ	  SPORES 10

5
Pteridium	  (Bracken	  fern) 5

Tsuga	  heterophylla	  (W.	  Hemlock) 20

Σ	  TREES 320

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

Poaceae	  (grass) 5

Abies	  (Truefir) 3

TR
EE
S

Conifers
Pinus	  (Pine) 46
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 239

Cupressaceae	  (Red	  Cedar) 6

High	  org.	  content	  w	  some	  minerals

Taxon Count: Re-‐worked	  count: Comments:

6



Site	  ID: Z5-‐C-‐1
Dry	  weight	  

(g): 6.8 Date	  counted: 13-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 108
Start	  

coordinates: Comments: Total	  Palynomorphs: 308

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 5

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 108
Σ	  SPORES 11

7
Pteridium	  (Bracken	  fern) 4

Tsuga	  heterophylla	  (W.	  Hemlock) 5

Σ	  TREES 292

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

1
Poaceae	  (grass) 4

Abies	  (Truefir) 6

TR
EE
S

Conifers
Pinus	  (Pine) 178
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 92

Cupressaceae	  (Red	  Cedar) 2

some	  mineral	  content;	  abundnat	  org.	  debris

Taxon Count: Re-‐worked	  count: Comments:

Slide	  A:	  27.5,10	  	  (End:	  28,24)

9



Site	  ID: Z5-‐C-‐2
Dry	  weight	  

(g): 6.2 Date	  counted: 04-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 157
Start	  

coordinates: Slide	  A:	  32,13 Slide	  B:	  32,13 Comments: Total	  Palynomorphs: 304

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 12

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 157
Σ	  SPORES 16

11
Pteridium	  (Bracken	  fern) 5

Tsuga	  heterophylla	  (W.	  Hemlock) 8

Σ	  TREES 276

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

5
Poaceae	  (grass) 7

Abies	  (Truefir) 5

TR
EE
S

Conifers
Pinus	  (Pine) 150
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 95

Cupressaceae	  (Red	  Cedar) 6

v.	  mineral-‐rich,	  rare	  organic	  grains,	  trace	  
organic	  debris	  (plant	  fragments)

Slide	  3:	  34,10	  	  (End:	  12,21)

Taxon Count: Re-‐worked	  count: Comments:

12



Site	  ID: Z5-‐C-‐3
Dry	  weight	  

(g): 7.6 Date	  counted: 07-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 1230
Start	  

coordinates: Slide	  A:	  34,13 Slide	  B:	  34,13 Comments: Total	  Palynomorphs: 310

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 2

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 2
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 15

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 1230
Σ	  SPORES 18

15
Pteridium	  (Bracken	  fern) 3

Tsuga	  heterophylla	  (W.	  Hemlock) 10

Σ	  TREES 275

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

2
Poaceae	  (grass) 13

Abies	  (Truefir) 5

TR
EE
S

Conifers
Pinus	  (Pine) 149
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 102

Cupressaceae	  (Red	  Cedar) 2

Slide	  1:	  31.5,9.5	  	  (End:	  32,21)

Taxon Count: Re-‐worked	  count: Comments:

7



Site	  ID: Z2-‐B-‐1
Dry	  weight	  

(g): 6.9 Date	  counted: 26-‐Nov-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 1796
Start	  

coordinates: Slide	  A:	  26,11 Comments: Total	  Palynomorphs: 306

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 5

Palynomorph	  Type	  X 3

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta 1
Islandinium?	  minutum

Echinidinium	  granulatum 2
Echinidinium	  spp. 1

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei 1
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 14

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 1796
Σ	  SPORES 16

14
Pteridium	  (Bracken	  fern) 2

Tsuga	  heterophylla	  (W.	  Hemlock) 24

Σ	  TREES 271

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

6
Poaceae	  (grass) 8

Abies	  (Truefir) 6

TR
EE
S

Conifers
Pinus	  (Pine) 209
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 9

Cupressaceae	  (Red	  Cedar) 6

abundant	  mineral	  grains	  &	  plant	  fragments
Slide	  B:	  27,16

Taxon Count: Re-‐worked	  count: Comments:

17



Site	  ID: Z2-‐B-‐2
Dry	  weight	  

(g): 5.8 Date	  counted: 02-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 529
Start	  

coordinates: Slide	  A:	  28,10 Comments: Total	  Palynomorphs: 302

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 2

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

1
Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 27

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 529
Σ	  SPORES 19

12
Pteridium	  (Bracken	  fern) 7

Tsuga	  heterophylla	  (W.	  Hemlock) 12

Σ	  TREES 254

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

12
Poaceae	  (grass) 15

Abies	  (Truefir) 6

TR
EE
S

Conifers
Pinus	  (Pine) 144
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 42

Cupressaceae	  (Red	  Cedar) 17

abundant	  mineral	  grains	  and	  opaque	  
fragments

Slide	  B:	  30,10	  	  (End:	  29.5,	  26.5)

Taxon Count: Re-‐worked	  count: Comments:

33



Site	  ID: Z1-‐B-‐1
Dry	  weight	  

(g): 5.0 Date	  counted: 29-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 129
Start	  

coordinates: Slide	  D:	  34.5,	  13 Comments: Total	  Palynomorphs: 317

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 16

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp. 12

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

3
Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei 1
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 13

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 129
Σ	  SPORES 18

9
Pteridium	  (Bracken	  fern) 9

Tsuga	  heterophylla	  (W.	  Hemlock) 60

Σ	  TREES 270

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

5
Poaceae	  (grass) 8

Abies	  (Truefir) 4

TR
EE
S

Conifers
Pinus	  (Pine) 96
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 73

Cupressaceae	  (Red	  Cedar) 26

some	  mineral	  grains	  (&	  opaques)
Slide	  B:	  33,13	  (End:	  12.5,	  26.5)

Taxon Count: Re-‐worked	  count: Comments:

11



Site	  ID: Z1-‐B-‐2
Dry	  weight	  

(g): 5.4 Date	  counted: 01-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 139
Start	  

coordinates: Slide	  A:	  33,13 Comments: Total	  Palynomorphs: 318

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 10

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta 1
Islandinium?	  minutum

Echinidinium	  granulatum 5
Echinidinium	  spp. 1

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

1
Spiniferites	  spp.	  and	  S.	  ramosus 2

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 6

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 139
Σ	  SPORES 22

19
Pteridium	  (Bracken	  fern) 3

Tsuga	  heterophylla	  (W.	  Hemlock) 77

Σ	  TREES 280

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

1
Poaceae	  (grass) 5

Abies	  (Truefir) 3

TR
EE
S

Conifers
Pinus	  (Pine) 129
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 15

Cupressaceae	  (Red	  Cedar) 46

v.	  abundant	  hemlock,	  possibly	  broken	  
fragments	  of	  bisaccate	  polens?

Slide	  B:	  33,13	  (End:	  11,26)

Taxon Count: Re-‐worked	  count: Comments:

10



Site	  ID: Z1-‐C
Dry	  weight	  

(g): 4.8 Date	  counted: 01-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 105
Start	  

coordinates: Slide	  A:	  28,10 Comments: Total	  Palynomorphs: 319

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 11

Selenopemphix	  quanta 1
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta 2
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp. 1

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus 1

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei 5
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 18

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 105
Σ	  SPORES 13

7
Pteridium	  (Bracken	  fern) 6

Tsuga	  heterophylla	  (W.	  Hemlock) 41

Σ	  TREES 277

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

6
Poaceae	  (grass) 12

Abies	  (Truefir)

TR
EE
S

Conifers
Pinus	  (Pine) 193
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 25

Cupressaceae	  (Red	  Cedar) 11

few	  mineral	  grains,	  abundant	  org.	  debris	  
(plant	  fragments)

(End:	  7,19.5)

Taxon Count: Re-‐worked	  count: Comments:

7



Site	  ID: Z4-‐C-‐4
Dry	  weight	  

(g): 6.5 Date	  counted: 08-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 233
Start	  

coordinates: Comments: Total	  Palynomorphs: 319

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 3

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 3
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 22

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 233
Σ	  SPORES 8

8
Pteridium	  (Bracken	  fern)

Tsuga	  heterophylla	  (W.	  Hemlock) 6

Σ	  TREES 286

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

Poaceae	  (grass) 22

Abies	  (Truefir)

TR
EE
S

Conifers
Pinus	  (Pine) 194
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 72

Cupressaceae	  (Red	  Cedar) 4

abundant	  mineral	  grains	  &	  org.	  debris;	  
difficult	  to	  count	  slide

Taxon Count: Re-‐worked	  count: Comments:

Slide	  A:	  28,10	  	  (End:	  28,27.5)

10



Site	  ID: Z4-‐C-‐3
Dry	  weight	  

(g): 5.9 Date	  counted: 31-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 126
Start	  

coordinates: Slide	  A:	  33,13 Comments: Total	  Palynomorphs: 304

Palynomorph	  
Type

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Palynomorph	  Type	  Y
Unidentifiable	  (coordinates)	  

Selenopemphix	  quanta

126

1

4

4

7
13

Echinidinium	  granulatum
Echinidinium	  delicatum

Lycopodium	  (exotic	  spike)
Σ	  SPORES

Cyst	  of	  Polykrikos	  schwartzii
Brigantedinium	  spp.

Cyst	  of	  Alexandrium	  spp.

Spiniferites	  spp.	  and	  S.	  ramosus
Operculodinium	  centrocarpum
Cyst	  of	  Pentapharsodinium	  dalei

Quinquecuspis	  concreta
Echinidinium	  spp.

Polypodiaceae	  (monolete)
Pteridium	  (Bracken	  fern)

Ferns

Echinidinium	  aculeatum
Dubridinium	  spp.
Cyst	  of	  Protoperidinium	  americanum

20

6
2

8

Comments:Re-‐worked	  count:Count:Taxon

Σ	  TREES 272
57

3
3
12
15
182

Slide	  B:	  33.5,	  13	  (end:	  33.5,	  22.5)

DI
N
O
FL
AG

EL
LA

TE
S

Alnus	  (Alder)
Other	  Trees
Tsuga	  heterophylla	  (W.	  Hemlock)

Σ	  HERBS	  AND	  SHRUBS
Typha	  (cattail	  -‐	  Tetrad)
Marsh/Meadow
Poaceae	  (grass)
Cyperaceae	  (sedge)
Marsh

Islandinium?	  minutum

TR
EE
S

HE
RB

S	  
AN

D	  
SH

RU
BS

SP
O
RE

S

Cupressaceae	  (Red	  Cedar)
Abies	  (Truefir)
Picea	  (Spruce)
Pinus	  (Pine)
Conifers

Σ	  DINOFLAGELLATES



Site	  ID: Z4-‐C-‐2
Dry	  weight	  

(g): 4.4 Date	  counted: 08-‐Aug-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 139
Start	  

coordinates: Slide	  A:	  33,13 Comments: Total	  Palynomorphs: 324

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 2

motile	  dinoflagellate	  (NOT	  to	  be	  counted) 1

32,19
Palynomorph	  Type	  Z

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

1

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp. 1

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 16

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 139
Σ	  SPORES 13

10
Pteridium	  (Bracken	  fern) 3

Tsuga	  heterophylla	  (W.	  Hemlock) 7

Σ	  TREES 293

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad) 3

2
Poaceae	  (grass) 11

Abies	  (Truefir) 3

TR
EE
S

Conifers
Pinus	  (Pine) 163
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 103

Cupressaceae	  (Red	  Cedar) 1

few	  minerals	  and	  plant	  debris
Slide	  B:	  11.5,	  26

Taxon Count: Re-‐worked	  count: Comments:

16



Site	  ID: Z4-‐C-‐1
Dry	  weight	  

(g): 4.5 Date	  counted: 17-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 61
Start	  

coordinates: Slide	  A:	  30,13 Comments: Total	  Palynomorphs: 314

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 5

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 61
Σ	  SPORES 12

10
Pteridium	  (Bracken	  fern) 2

Tsuga	  heterophylla	  (W.	  Hemlock) 3

Σ	  TREES 297

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

1
Poaceae	  (grass) 4

Abies	  (Truefir) 5

TR
EE
S

Conifers
Pinus	  (Pine) 99
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 162

Cupressaceae	  (Red	  Cedar) 18

few	  mineral	  grains,	  lots	  of	  plant	  debris

Taxon Count: Re-‐worked	  count: Comments:

10



Site	  ID: Z4-‐A-‐5
Dry	  weight	  

(g): 4.6 Date	  counted: 24-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 97
Start	  

coordinates: Slide	  A	  :	  33,	  15.5 Comments: Total	  Palynomorphs: 305

Palynomorph	  
Type

some	  minerals,	  abundant	  organic	  debris

Σ	  DINOFLAGELLATES 1

Unidentifiable	  (coordinates)	  

Selenopemphix	  nephroides
Selenopemphix	  quanta

Islandinium?	  minutum
Islandinium?	  minutum	  var.cesare

Echinidinium	  spp.
Quinquecuspis	  concreta

Echinidinium	  delicatum
Echinidinium	  granulatum

Dubridinium	  spp.
Echinidinium	  aculeatum

Cyst	  of	  Polykrikos	  schwartzii
Cyst	  of	  Protoperidinium	  americanum

Spiniferites	  spp.	  and	  S.	  ramosus
Brigantedinium	  spp.

Operculodinium	  centrocarpum

Σ	  SPORES 21

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei

5
Lycopodium	  (exotic	  spike) 97SP

O
RE

S

Ferns
Polypodiaceae	  (monolete) 16
Pteridium	  (Bracken	  fern)

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge) 4
Poaceae	  (grass)

Typha	  (cattail	  -‐	  Tetrad)
Σ	  HERBS	  AND	  SHRUBS 11

7
Marsh/Meadow

Alnus	  (Alder) 61
Σ	  TREES 272

Tsuga	  heterophylla	  (W.	  Hemlock) 9
Other	  Trees

Slide	  B:	  31,	  13	  (End:	  31,	  24.5)

Taxon Count: Re-‐worked	  count: Comments:

TR
EE
S

Conifers

Abies	  (Truefir) 7
Cupressaceae	  (Red	  Cedar) 5

Pinus	  (Pine) 170
Picea	  (Spruce) 20



Site	  ID: Z4-‐A-‐4
Dry	  weight	  

(g): 4.8 Date	  counted: 30-‐Jul-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 138
Start	  

coordinates: Comments: Total	  Palynomorphs: 300

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 4

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 4
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 35

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 138
Σ	  SPORES 13

11
Pteridium	  (Bracken	  fern) 2

Tsuga	  heterophylla	  (W.	  Hemlock) 6

Σ	  TREES 248

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

6
Poaceae	  (grass) 29

Abies	  (Truefir) 5

TR
EE
S

Conifers
Pinus	  (Pine) 133
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 65

Cupressaceae	  (Red	  Cedar) 1

some	  mineral	  grains	  in	  clusters,	  lots	  of	  organic	  
debris

Taxon Count: Re-‐worked	  count: Comments:

38

Slide	  A:	  44,114.3	  	  (End:	  43,95)



Site	  ID: Z4-‐A-‐3
Dry	  weight	  

(g): 4.8 Date	  counted: 12-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 78
Start	  

coordinates: Slide	  C:	  32,13 Comments: Total	  Palynomorphs: 305

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

few	  mineral	  grains,	  highly	  abundant	  organic	  
debris	  

Palynomorph	  Type	  X 2

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  delicatum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

Spiniferites	  spp.	  and	  S.	  ramosus

Echinidinium	  aculeatum

Pteridium	  (Bracken	  fern) 7

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

5

Σ	  HERBS	  AND	  SHRUBS 6

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 78
Σ	  SPORES 25

18

Σ	  TREES 274

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

1
Poaceae	  (grass)

TR
EE
S

Conifers
Pinus	  (Pine) 166
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 64

Cupressaceae	  (Red	  Cedar) 7
Tsuga	  heterophylla	  (W.	  Hemlock) 4

Taxon Count: Re-‐worked	  count: Comments:

21
Abies	  (Truefir) 12



Site	  ID: Z4-‐A-‐2
Dry	  weight	  

(g): 4.3 Date	  counted: 10-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 174
Start	  

coordinates: Slide	  A:	  34,13 Comments: Total	  Palynomorphs: 307

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 4

few	  mineral	  grains,	  well-‐distributed	  
palynomorphs	  and	  org.	  debris

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  delicatum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

Spiniferites	  spp.	  and	  S.	  ramosus

Echinidinium	  aculeatum

Pteridium	  (Bracken	  fern) 6

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 3
Cyst	  of	  Pentapharsodinium	  dalei 1
Operculodinium	  centrocarpum

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

8

Σ	  HERBS	  AND	  SHRUBS 8

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 174
Σ	  SPORES 26

20

Σ	  TREES 269

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

Poaceae	  (grass)

TR
EE
S

Conifers
Pinus	  (Pine) 183
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 47

Cupressaceae	  (Red	  Cedar) 5
Tsuga	  heterophylla	  (W.	  Hemlock) 6

Slide	  B:	  33.5,13

Taxon Count: Re-‐worked	  count: Comments:

15
Abies	  (Truefir) 13



Site	  ID: Z4-‐A-‐1
Dry	  weight	  

(g): 4.4 Date	  counted: 28-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 72
Start	  

coordinates: Comments: Total	  Palynomorphs: 306

Palynomorph	  
Type Taxon Count: Re-‐worked	  count: Comments:

TR
EE
S

Conifers

Abies	  (Truefir) 13
Cupressaceae	  (Red	  Cedar) 15

Pinus	  (Pine) 121
Picea	  (Spruce) 18

Alnus	  (Alder) 108
Σ	  TREES 286

Tsuga	  heterophylla	  (W.	  Hemlock) 11
Other	  Trees

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge) 2
Poaceae	  (grass)

Typha	  (cattail	  -‐	  Tetrad)
Σ	  HERBS	  AND	  SHRUBS 8

6
Marsh/Meadow

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei

5
Lycopodium	  (exotic	  spike) 72SP

O
RE

S

Ferns
Polypodiaceae	  (monolete) 7
Pteridium	  (Bracken	  fern)

Operculodinium	  centrocarpum

Σ	  SPORES 12

Cyst	  of	  Polykrikos	  schwartzii
Cyst	  of	  Protoperidinium	  americanum

Spiniferites	  spp.	  and	  S.	  ramosus
Brigantedinium	  spp.

Echinidinium	  delicatum
Echinidinium	  granulatum

Dubridinium	  spp.
Echinidinium	  aculeatum

Islandinium?	  minutum
Islandinium?	  minutum	  var.cesare

Echinidinium	  spp.
Quinquecuspis	  concreta

Selenopemphix	  nephroides
Selenopemphix	  quanta

Slide	  B:	  31,13	  (end:	  34,	  27.5) minor	  mineral	  grains	  with	  opaque	  fragments

Σ	  DINOFLAGELLATES 0

Unidentifiable	  (coordinates)	  



Site	  ID: Z3-‐C-‐5
Dry	  weight	  

(g): 4.4 Date	  counted: 16-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 75
Start	  

coordinates: Comments: Total	  Palynomorphs: 320

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Slide	  A:	  32.5,	  13	  (End:	  12,19.5)

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Spiniferites	  spp.	  and	  S.	  ramosus

Echinidinium	  aculeatum
Echinidinium	  delicatum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

Σ	  HERBS	  AND	  SHRUBS 5

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 75
Σ	  SPORES 8

3
Pteridium	  (Bracken	  fern) 5

Tsuga	  heterophylla	  (W.	  Hemlock) 7

Σ	  TREES 307

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

3
Poaceae	  (grass) 2

Abies	  (Truefir) 4

TR
EE
S

Conifers
Pinus	  (Pine) 110
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 166

Cupressaceae	  (Red	  Cedar) 15

v.	  organic-‐rich	  and	  little	  mineral	  content

Taxon Count: Re-‐worked	  count: Comments:

5



Site	  ID: Z3-‐C-‐4
Dry	  weight	  

(g): 7.7 Date	  counted: 06-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 564
Start	  

coordinates: Slide	  A:	  34,13 Slide	  B:	  34,13 Comments: Total	  Palynomorphs: 305
Slide	  3:	  33,9.5	  (End:	  32,25.5)

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 3

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum 1
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

Pteridium	  (Bracken	  fern) 6

1
Spiniferites	  spp.	  and	  S.	  ramosus

13

Σ	  HERBS	  AND	  SHRUBS 16

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 564
Σ	  SPORES 9

3

Σ	  TREES 277

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad) 1

2
Poaceae	  (grass)

TR
EE
S

Conifers
Pinus	  (Pine) 96
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 161

Cupressaceae	  (Red	  Cedar) 13
Tsuga	  heterophylla	  (W.	  Hemlock) 6

no	  minerals	  in	  sample;	  sparsely	  distributed	  
palynomorphs	  on	  slide

Taxon Count: Re-‐worked	  count: Comments:

1
Abies	  (Truefir)



Site	  ID: Z3-‐C-‐3
Dry	  weight	  

(g): 4.1 Date	  counted: 02-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 171
Start	  

coordinates: Slide	  A:	  34,13 Comments: Total	  Palynomorphs: 302

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 2

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

1
Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 3

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 171
Σ	  SPORES 15

13
Pteridium	  (Bracken	  fern) 2

Tsuga	  heterophylla	  (W.	  Hemlock) 13

Σ	  TREES 282

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

Poaceae	  (grass) 3

Abies	  (Truefir) 13

TR
EE
S

Conifers
Pinus	  (Pine) 184
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 47

Cupressaceae	  (Red	  Cedar) 9

few	  mineral	  grains

Taxon Count: Re-‐worked	  count: Comments:

16



Site	  ID: Z3-‐C-‐2
Dry	  weight	  

(g): 3.6 Date	  counted: 09-‐Aug-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 143
Start	  

coordinates: Comments: Total	  Palynomorphs: 310

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 5

Slide	  A:	  32,14	  (End:	  11,30.5)

Biecheleria	  spp.	  (NOT	  included	  in	  count) 2

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Spiniferites	  spp.	  and	  S.	  ramosus

Echinidinium	  aculeatum
Echinidinium	  delicatum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 4
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

1

Σ	  HERBS	  AND	  SHRUBS 29

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 143
Σ	  SPORES 12

10
Pteridium	  (Bracken	  fern) 2

Tsuga	  heterophylla	  (W.	  Hemlock) 16

Σ	  TREES 264

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad) 3

5
Poaceae	  (grass) 21

Abies	  (Truefir) 7

TR
EE
S

Conifers
Pinus	  (Pine) 109
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 108

Cupressaceae	  (Red	  Cedar) 13

some	  org.	  debris	  and	  plant	  fragments,	  lots	  of	  
broken	  bissacate	  pollen	  grains

Taxon Count: Re-‐worked	  count: Comments:

11



Site	  ID: Z3-‐C-‐1
Dry	  weight	  

(g): 4.9 Date	  counted: 07-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 170
Start	  

coordinates: Slide	  A:	  	  32,13 Comments: Total	  Palynomorphs: 304

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 1

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 17

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 170
Σ	  SPORES 10

7
Pteridium	  (Bracken	  fern) 3

Tsuga	  heterophylla	  (W.	  Hemlock) 8

Σ	  TREES 276

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

1
Poaceae	  (grass) 16

Abies	  (Truefir) 6

TR
EE
S

Conifers
Pinus	  (Pine) 108
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 139

Cupressaceae	  (Red	  Cedar) 7

v.	  mineral-‐rich,	  difficult	  to	  count	  slide
Slide	  B:	  31,13

Taxon Count: Re-‐worked	  count: Comments:

8



Site	  ID: Z2-‐A-‐1
Dry	  weight	  

(g): 6.8 Date	  counted: 26-‐Oct-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 102
Start	  

coordinates: Slide	  A:	  32.5,	  13 Comments: Total	  Palynomorphs: 305

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 5

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 102
Σ	  SPORES 22

17
Pteridium	  (Bracken	  fern) 5

Tsuga	  heterophylla	  (W.	  Hemlock) 14

Σ	  TREES 278

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

2
Poaceae	  (grass) 3

Abies	  (Truefir) 12

TR
EE
S

Conifers
Pinus	  (Pine) 218
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 10

Cupressaceae	  (Red	  Cedar) 5

few	  mineral	  grains,	  abundant	  and	  
unidentifiable	  organic	  debris

Slide	  B:	  35,	  13	  (End:	  35,22)

Taxon Count: Re-‐worked	  count: Comments:

19



Site	  ID: Z2-‐A-‐2
Dry	  weight	  

(g): 5.4 Date	  counted: 19-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 96
Start	  

coordinates: Slide	  A:	  32,13 Comments: Total	  Palynomorphs: 310

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 1

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

1
Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 4

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 96
Σ	  SPORES 12

8
Pteridium	  (Bracken	  fern) 4

Tsuga	  heterophylla	  (W.	  Hemlock) 10

Σ	  TREES 293

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

1
Poaceae	  (grass) 3

Abies	  (Truefir) 12

TR
EE
S

Conifers
Pinus	  (Pine) 220
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 26

Cupressaceae	  (Red	  Cedar) 8

v.	  mineral-‐rich	  and	  relatively	  poor	  slide	  quality
Slide	  B:	  33,13	  (End:	  12,22.5)

Taxon Count: Re-‐worked	  count: Comments:

17



Site	  ID: Z3-‐A-‐1
Dry	  weight	  

(g): 6.8 Date	  counted: 11-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 796
Start	  

coordinates: Slide	  A:	  32,13 Slide	  B:	  33,13 Comments: Total	  Palynomorphs: 307
Slide	  1:	  33,9.5 Slide	  2:	  34,18.5

(End:	  12,22)
Palynomorph	  
Type

Σ	  DINOFLAGELLATES 4

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 1
Cyst	  of	  Pentapharsodinium	  dalei 2
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum
Dubridinium	  spp.

Brigantedinium	  spp. 1
Cyst	  of	  Polykrikos	  schwartzii

Pteridium	  (Bracken	  fern) 4

Spiniferites	  spp.	  and	  S.	  ramosus

8

Σ	  HERBS	  AND	  SHRUBS 9

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 796
Σ	  SPORES 16

12

Σ	  TREES 278

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad) 1

Poaceae	  (grass)

TR
EE
S

Conifers
Pinus	  (Pine) 130
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 122

Cupressaceae	  (Red	  Cedar) 9
Tsuga	  heterophylla	  (W.	  Hemlock) 9

very	  mineral-‐rich,	  difficult	  to	  view	  &	  identify	  
grains

Taxon Count: Re-‐worked	  count: Comments:

5
Abies	  (Truefir) 3



Site	  ID: Z3-‐A-‐2
Dry	  weight	  

(g): 4.3 Date	  counted: 27-‐Aug-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 202
Start	  

coordinates: Slide	  A:	  34.5,13 Comments: Total	  Palynomorphs: 302

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 12

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 202
Σ	  SPORES 24

19
Pteridium	  (Bracken	  fern) 5

Tsuga	  heterophylla	  (W.	  Hemlock) 13

Σ	  TREES 266

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

2
Poaceae	  (grass) 10

Abies	  (Truefir) 10

TR
EE
S

Conifers
Pinus	  (Pine) 188
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 40

Cupressaceae	  (Red	  Cedar) 5

lots	  of	  organic	  fragments,	  rare	  mineral	  
fragments

Slide	  B:	  32.5,13	  (End:	  11,15.7)

Taxon Count: Re-‐worked	  count: Comments:

10



Site	  ID: Z3-‐A-‐3
Dry	  weight	  

(g): 7.6 Date	  counted: 28-‐Nov-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 498
Start	  

coordinates: Slide	  A:	  29,	  10 Comments: Total	  Palynomorphs: 312

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 3

Palynomorph	  Type	  X 1

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 3
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 17

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 498
Σ	  SPORES 9

4
Pteridium	  (Bracken	  fern) 5

Tsuga	  heterophylla	  (W.	  Hemlock) 15

Σ	  TREES 283

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

6
Poaceae	  (grass) 11

Abies	  (Truefir)

TR
EE
S

Conifers
Pinus	  (Pine) 156
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 91

Cupressaceae	  (Red	  Cedar) 8

some	  minerals,	  abundant	  org.	  debris
(End:	  29,24)

Taxon Count: Re-‐worked	  count: Comments:

13



Site	  ID: Z3-‐A-‐4
Dry	  weight	  

(g): 6.4 Date	  counted: 09-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 764
Start	  

coordinates: Slide	  A:	  27,9.5 Slide	  C:	  28.5,10 Comments: Total	  Palynomorphs: 307

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 4

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 4
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 20

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 764
Σ	  SPORES 11

6
Pteridium	  (Bracken	  fern) 5

Tsuga	  heterophylla	  (W.	  Hemlock) 15

Σ	  TREES 272

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

Poaceae	  (grass) 20

Abies	  (Truefir) 2

TR
EE
S

Conifers
Pinus	  (Pine) 160
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 80

Cupressaceae	  (Red	  Cedar) 8

abundant	  mineral	  grains,	  some	  slides	  difficult	  
to	  identify	  and	  count	  grains

Slide	  B:	  22.5,10	  (End:	  30,23)

Taxon Count: Re-‐worked	  count: Comments:
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Site	  ID: Z3-‐A-‐5
Dry	  weight	  

(g): 6.9 Date	  counted: 04-‐Dec-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 429
Start	  

coordinates: Slide	  A:	  30,10 Comments: Total	  Palynomorphs: 310

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 5

Palynomorph	  Type	  X 2
Biecheleria	  spp.	  (NOT	  include	  in	  count) 2

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp. 5
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 16

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 429
Σ	  SPORES 9

8
Pteridium	  (Bracken	  fern) 1

Tsuga	  heterophylla	  (W.	  Hemlock) 18

Σ	  TREES 280

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad)

3
Poaceae	  (grass) 13

Abies	  (Truefir) 3

TR
EE
S

Conifers
Pinus	  (Pine) 206
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 37

Cupressaceae	  (Red	  Cedar) 7

v.	  few	  mineral	  grains,	  some	  organic	  debris	  
(plant	  fragments)

(End:	  30,20)

Taxon Count: Re-‐worked	  count: Comments:
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Site	  ID: Z4-‐A-‐6
Dry	  weight	  

(g): 5.5 Date	  counted: 18-‐Sep-‐12

#	  
Lycopodium	  

added: 37168

#	  
Lycopodium	  

counted: 160
Start	  

coordinates: Slide	  A:	  34,13 Comments: Total	  Palynomorphs: 304

Palynomorph	  
Type

Σ	  DINOFLAGELLATES 0

Selenopemphix	  quanta
Unidentifiable	  (coordinates)	  

Islandinium?	  minutum	  var.cesare
Selenopemphix	  nephroides

Quinquecuspis	  concreta
Islandinium?	  minutum

Echinidinium	  granulatum
Echinidinium	  spp.

Echinidinium	  aculeatum
Echinidinium	  delicatum

Dubridinium	  spp.

Brigantedinium	  spp.
Cyst	  of	  Polykrikos	  schwartzii

HE
RB

S	  
AN

D	  
SH

RU
BS Marsh

Spiniferites	  spp.	  and	  S.	  ramosus

DI
N
O
FL
AG

EL
LA

TE
S

Cyst	  of	  Alexandrium	  spp.
Cyst	  of	  Pentapharsodinium	  dalei
Operculodinium	  centrocarpum

Cyst	  of	  Protoperidinium	  americanum

Σ	  HERBS	  AND	  SHRUBS 8

SP
O
RE

S

Ferns
Polypodiaceae	  (monolete)

Lycopodium	  (exotic	  spike) 160
Σ	  SPORES 24

18
Pteridium	  (Bracken	  fern) 6

Tsuga	  heterophylla	  (W.	  Hemlock) 3

Σ	  TREES 272

Cyperaceae	  (sedge)

Marsh/Meadow
Typha	  (cattail	  -‐	  Tetrad) 1

Poaceae	  (grass) 7

Abies	  (Truefir) 4

TR
EE
S

Conifers
Pinus	  (Pine) 140
Picea	  (Spruce)

Other	  Trees
Alnus	  (Alder) 107

Cupressaceae	  (Red	  Cedar) 8

Slide	  B:	  33,13

Taxon Count: Re-‐worked	  count: Comments:
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