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- PALYNOLOGY OF TERTIARY ROCKS OF THE WHATCOM BASIN
SOUTHWESTERN BRITISH COLQMBIA AND_NORTHWESTERN,WASHINGTON

_ABSTRACT

Lower and Middle Tertiary continental sedimentary
rocks comprise the'fill in a large structural basin
_adjaceﬁt to the Georgia Depression in southwestern
British Columbia and northwestern Washington. Upper
Cretaceous continentél sédimentary rocks apparently
underlie the entire basin. -

Outcrops of Tertiary rocks: are restricted to the
-north, south and east maigins where they are dipping
into the basin and overlying older rocks rimming the
basin. Relationships to the west are-obscured by'the
Strait of Georgia,lbut apparently the:Whatcom basin is
part of, and contiguoﬁs with, the Georgia depression.
Over most of the area, surface cover is Pleistocene and
.Recent sediments.

_ Investigations of plant microfossils from two
deep basin wells indicate three distinct floras in pre-
Pleistocene rocks. Basal portions contain a relatively
small Upper‘Cretaceous“floral_assemélage.. Above this‘
are Middle. and probably Upper Eocene assemblages.
Upper parts of the section contain a predominantly
'dicotyiedonégs ﬁiocene assemblage.

falynolbgical study of the QutcropS'indiéates~a
Middle to Upper Eocene age for all except the-Brothers
Creek outcrop on the north side of Burrard Inlet,. which
appears to be Upper. Cretaceous.- Miocene rocks are found

.only in the wélls;-éqd‘apparently do not crop out.
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Eocene. assemblages contain Pistillipollenites and

- Platycarya together with significant numbers of Cactri-

. o P e
‘cosisporites and Anemia spores, and suggest a warm

temperate to subtfopical climate. Miocene assemblages

-are generally characterized by Glyptostrobus, Pterocarya,

;Ulmus-Zélkova and Fagus and several other dicotyledonous

pollen. Miocene assemblages indicate a more temperate

aspect than those of the Eocene. #
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ABSTRACT |

LoWer and Middle Tertiary continental sedimentary rocks
comprise .the fill in a.large structural basin adjacent to the
Georgia Depression in-sOuthwestern British Columbia and north- -
western1Washington; _Upper‘Cretaceous continental sedimentary
rocks apparently underlie.the entire'basin.

Outorops“Of’Tertiary'rocks~are restricted to the north,
'south and east margins where they are dipping into the basin
and overlying older rocks’ rimming the basin. Relationships to
the west are obscured by the Strait of Georgia, but apparently
the Whatcom.basin is_part of, and contiguous with, the Georgia
Depression. Over nostJOfvthe area, surface cover is Pleisto-
cene and Recent sediments.

Investigations-of.plant microfossils from.tWO deep basin
wellsgindicate three distinctbfloras in pre—Pleistocene rocks.
Basal portions contain_a relatively small Upper Cretaceous
floral assémblage. Above this are Middle and probably Upper
- Bocene assemblages. Upper parts of the section contain a
predominantly dicotyledonous.Miocene assemblage. |

‘Palynologioal Study‘of the outcrops indicates a Middle
to Upper Eocene age for~all.exoept the Brothers Creek outcrop
on the north side of Burrard Inlet, which appears to be Upper
Cretaoeous; Miocene rocks are found only in the wells, and.

apparently do not.crop‘out.



- i(a) |
Eocene assemblages contain Biajillingllgni&és and Ela;y?
carya together with significant numbers of Cicatricosisporites
and Anemia spores, and suggest a warm temperate to subtfopical‘
climate. - Miocene assemblages are generally characterized by
QIXDIQSLIQhuﬁ5 £$§29£&1¥&,-Hlmnﬁ—ZQleIa, Fagus and several
Jother:dicotyledonousfpollen.__Miocene asSemblages_ihdicate a

mbfe~températe'aspebt than those of the~Eocene.'
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INTRODUCTION

General OStatement

In pecenf years the sfudy bf fbssil plant Sporés and
pollen haé'bécome.a rapidly growing/field of;endeaVor. From
Mid-Paleoéoic tO'the-pfeseﬁt time, terrestrial plants have
~been.abundant and diversified, covefing most of the land areas
of the world. Plants.produce‘enormous quaﬂfities of spores
and pblien and.withkfhe coming of each flowering season these
are widély:disperéed by’windgrwater, iﬁéects, birds and occa-
sionally mammals,' Cbupied with the tremendous- production of
"spores.and Rollen]is'the-féct that most S§ores and pollen are
incrédibly feéistant ﬁo desfruction. A hard cutinous coating
.aids in'their'presefvétion.unQer a variety of depositional
énvironments,.and pérmitéfthem to surVive the rather rigorous
treatment they underg6 duriﬁg maceration. :Furthermore5'they
Shbw a wide.diveréity in morphology including size, shape,
and ornamentation which makes ﬁany of them readily identifiable.
These three'factors-then; abundancé, resistanqe.to destruction,
and’morphologic_diverSity, make spores and pollen very valuable
-for study and'refinterpreting the past record of plant life.

‘Most conﬁinental; and many marine Sediments, contaih
fossil pollen and épores, a partial record of the flora extant
‘at the time of deposition. From spores, pollen and other plant

‘microfossils various data can be derived, such as information
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on the environment of deposition, suggestions;as to plant evol-
ution, and genetic relationships and age of the enclosing rock.
And finally, correlations of time equivalent sedimentary rocks
are possible, depending on the number of microfossils present,
and their}degree of preservation. | |

| An asbect Qf:pértiéular interest to me is paleocecology.
Information,of this sort is largely avallable only from Creta-
ceous and Tertiary]rocks; because only heré can we relate mny
of the microfdséils’to extant gehera. By analogy with require-
ments of modern day genera,. conclusions can be drawn as to
what the probable flora was aﬁd what its environmental and
other ecological COnditionsbmight have been.. Complicationé
of interpretation arise, however, because of local climatic
'and edaphic factors, plant evolution, plantusuccession, and
differentialjpreservation._ With care, however, much useful

~information can be deduced.

p 1S f the I tigati
This feport.presents.the.rééults of a Tertiafy-palyno-
~logical study in the Whatcom sedimentary basin in northﬁéstern'
Washington and southwestern.British‘Columbia.« The project
involves an extensive section of'Terfiary.and Cretaceous
sedimentary rocks in the Vancouver, British- Columbia-Bellingham,

Washington area.

At this point I should make it clear that I have not made
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a palynological study of the Paleocene Chuckanut Formation:
which crops out to the south and forms the soutﬂern béundary
of the Whatcom basin. The geology of the Chuckénut Formation
is briefly discussed in a later section so:.that comparisons
can be drawn with the Middle Eocene and younger rocks that
fill the Whétcom_basin, as well as with the Upper Cretaceous
rocks that underlié the basin. |

‘Thé Tertiaryfseétion in -the Whatcom basiﬁ,=as well as -
the underlying Cretaceoﬁs, 1s an alternating sequence of
conglomérates, sandstones, shales and coals thét is almost
totally lacking in vertebrate or invertebrate remains.
Severa1 possib1é vertebrate remains were found -in the Kitsiléno_
Formation but they will,bé discussed in a following sectionv
dealing’with this formation. " Plant macrofoSsils have been
found lécaliy, but with the exception of those found in the
| Burrard, Kitsiiano and Chuckanut Formations, little of a
systematic nature has been done with them. However, spores
and pollen and other plant micfofossils are present, and
occasionally in large numbers. A study of this microflora
_would add significantly'tb»our knowledge of Tertiary history
and eﬁvironments‘of this region, and provide a basis for
correlating and also possibly dating the isolated microfossil-
bearing outcrops.

This thesls presents as its focus a type section of
plant microfossil assemblageé based on the analysis of two

deep wells. 1In addition, other Tertiary rocks of the area
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have been correiated'with the type section_on the basis of
their contained microflora. Although avrelative chronology
has been eStablished,‘it has‘not been possible to give absolute
dates for the unitsjof the section. The main_reascn is the
dearth of plant microfossil information from the Pacific
| coastai.areas ofﬁNortthmerica5 but also lack of invertebrate
fossil control and[the'absence;of'radiometrically datable_
-ash beds or volcanic'rocks'has made itiimpossible to establish
absolute'ages.r Nevertheless, a significant-contribution is
made here with the establishment of a floral succession to
which other Tertiary rocks throughout the Pac1fic Northwest
‘ may be correlated in the future. As research continues, more
absolute dates of.some of the units.considered-here‘should
become availabie.' A third objective of the investigation was
.an attempt to interpret and'discuss the environment as indi-
cated by these plants. _ |

To place the entire'project in its geological setting,
a brief discussion of the regional geology, and a more detailed
description of the Tertiary . sedimentary formations precedes

the palynological analysis.
Geography
Location
The area under discussion is roughlystriangular in shape,

lying in northweStern‘Washington State and southwestern British-
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Columbia (see Index Map, Figure.A; Geologic Map, Figure D).
The northern boundary of the -area is the sduthefn end of
the British Columbia Coast Mountainé, the -east margin is
the Cascade'Moﬁntain’fboﬁhills,~the south.marginfis near
Bellingham just ndrth of‘the Chuckanut'Hills, and to the west
the Study’area»is:tefminatéd.by the waters of Georgila Strait.
The_sedimentary*basih which includes thé éedimentary'sequence
under study is iﬁdidated on Figure'D by'the dashed:liné. The
entire Iaﬁdrarea‘encompaSSéd in this study is approximately
11;200 square miles,:buf the‘aréa of Tertiary outcrop forms

a minute fraction of this.

Topography. .

~Elevations within the_areairange‘fromnséa level to 3,000
feet.- At.leaét éo.pércéht of the regionllies below 300 feet
and’the.surféce'is»largely of Recent deposits Qf the Fraser
~and Nooksack Rivers or of’Pleistocene till and outwash.

| North of the International Boundary.this lowland is

termed the Fraser waiahdﬁ(ArmStrdng, 1960) and: is largely an
‘area of extensive 1ow hills~Separated by broadrflat;bottomed
valleys; South of the Intefnational Boﬁndary the land surface
is mostly flat-terraced glacial'outwash ovériying the river
alluvium whiéh'hés been called ﬁhe'Bélliﬁgham—Sumas Coastal -
Plain (Miller and Misch, 1963){ In subsequent sections the
entire area is termed the Fraser Lowland; topography,‘like

geology, does not neceSsarily change at International Boundaries.
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Relief on the lowland is slight, ranging from O to 500 feet,
although topographic changes can be abrupt'against blﬁffs of
Pleistocene duﬁwash. Occasionally near the north, south, and
'east.margins of the basin (see Gedlogic Map, Figure D) knobs
of older roék-penetrate the alluvium and/or Plelstocene out-
wash. o ‘ | o

‘ Rising'aﬁfuptly,ét the margin of.the:basinsare foothills,
which to the'north énd eastvare composed Of pre-Tertiary rocks.
To the south_the Whatcom-basih:is bordefed‘by hills carved
in the PaieoéenefChuckanﬁthdrmafibn;}’The déshed line on Fig-
ure D approximate1y~qénforﬁs.to"the basinxmargih énd lies
roughly along_tﬁeilinefwhére the feliefachangesfabfuptly.

Drainage iﬁ thejérea is domihated'by the sixth iargest

trive: iniNofthAAméfiéé, thé.Fras¢r;‘whidh»hés an averagé ’
discharge_of'l2n,OOO.cubic'feet'per secoﬁd, drains 92,000
square miies“of intefiorfBritish Columbia, and'which on the
Ffésér‘Lowland:fIOWS-acféss,the northernmost part of the area.
of lessér imﬁortancé:ié the much smaller Nooksack River which .
venters the Strait of Gebrgia'neaf‘the city of Bellingham,
Washingfon, and heads onkthe slopes of Mount Baker, a Pleis-
tocene véléano 1ocatéd'éast.of‘théfbésin.N_A'number of smaller
| streams serve as tfibutariés to these master rivers, or
enter the Strait of Georgla on their own. - On the whole, the
area is'well*dfained except near-river mouths where bogs and
swamps occur. Much of the land in these low-lying areas has

been recovered for human use by diking both the rivers and



parts of Georgia Strait.

Acs:_as.s_and-_.cultur_e

All portions of the area are readily'and easily acces-
51ble, and three large metropolitan areas -exist within the
ba51n margins. Vancouver, British Columbia and ad jacent
- New. Westminster lie at the northwest corner, and Bellingham,
‘.Washington lies at the southwest tip. NumerouS=towns, villages,
‘and farms throughout ‘the lowland are served w1th a complete
network of highways_and‘railroads. Four railroads, the Great
Northern, the<Milwaukee'Road,ﬂthe Canadian Pacific, and Cana-
dian‘National,.all-Serve'various parts of the area. A net-
work of_good pavedsroads_encompasses:all portions of the area,
both in Brit}ish_vcolumhia and Washington, although a few of
the more extremewmaréinalfhighlands.can be reached only by
logging or farm roads. | | N

The lowland is intensively farmed the bulk belng utilized
in dairying, truck farming, or the diltivation of various
grain products.' Areas marginalvto the-basin continue to pro-

duce timber, in most places on a sustained yield basis.
Yegetation
Except for local wood lots, all the native: vegetation

has been removed from the lowlands and replaced by agricultural

crops. Prior to clearing by man, the lowland was covered by
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the western hemlock (Isuga hgtergphxlla) ~red cedar (Thuja
Dliﬂﬁia) climax vegetation characteristic:of the region. The
‘surrounding hills support a forest consisting of douglas fir
(.Es_eud.a;tsusa menziasii), red cedar (Thuja nlic.aiza), western
-hhemlock (Tsuga hg;g;gphylla), broad leaf maple (Acer macro-
'thllum), and red alder (Alnus ruhra) At higher elevations,
and - farther-back_from the basin, the forest becomes ¢harac-
- teristicaliy mountain'hemlock (Isuga mertensiana), yellow:
cedar (or cypress) (Qhamaasxmariﬁ nggtkatensis) and alpine -
fir (Ahies lasiggarpa) Ferns and salal are especially common
in the ground cover. . Further discussion of modern flora

_follows in a later section on paleoecological interpretations.

The climate within the area is classified as humld-
temperate w1th cool dry summers and moderate, wet winters
(Trewartha, 1954) . More recently Kraginab(l959, 1965) has
assigned the Whatcom basin:area to his Coastal Douglas Fir
Biogeoclimatic Zone which-he-considers to -have a mediterranean
subhumid to humid climate with- a total annual prec1p1tation
‘of 26 to 60 inches. Summers are mostly warm, with July and .
August being essentially'rainless. The winters;tend to be
mild, cloudy and wet. |

At Bellingham the average precipitation is 32.6 inches,

including‘an-averagepsnowfall of 10.7 inches. Most of. the
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- precipitation falls between October and‘March. AThe'average‘
July temperature 1s 60,6o and the average January tempera-
ture 1s 36.3°. Davs above 90° or below 32° are uncomhon
(Smith 1955).

_ Conditions at Vancouver are similar, although average
annual precipitation is slightly higher,with 40.5 inches,
which‘includes l5,3‘inchesnofISnow‘(Meterological Division,
e, | -

Climatic conditions across the lowlands vary only slightly
from conditions at Bellingham and Vancouver._ As one reaches
the: surrounding highlands, however, the average annual preci—
pitation increases rapidly because. of condensation in the
rising moisture—laden east moving air masses. Snowfall increases
with increasing elevation, although nowhere in the map-area 1is

there permanent SNOW .-
_ _

Local.areas within the'region_encompassed by this report
have been examined geologically'many}times in the past, but to
my_knowledge no‘comprehensive discussion of the geology has
' evervbeenipublished.‘ lnvthe section on geology which‘follows,
I'will-attempt_to‘Synthesiae the work of a number of geologists
and give a briefbbut general.areal picture of the Whatcom

basin,.and insofar as possible, the rock units of pertinent

‘interest.
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Daly (1912) mapped through.the center of the area along
the International Boundary. Although he did little south of
the International Boundary,'he did examine briefly Canadian
Sumas Mountain- and the Tertiary rocks cropping out in the
vic1nity of Vancouver

Johnston (1923) made a rather comprehensive study of
'the Fraser River Delta and vic1nity but confined his efforts
to the Canadian portion of the Whatcom ba51n.

. Crickmay (1930) discussed the structural connection
between the Coast Range of British Columbia and the Cascade
Mountains of'Washington. Later, Crlckmay and Pocock (1963)
expounded their~views:regardingrthe:"Cretaceoush rocks of
Vancouver. '- | | N | |

South of the International Boundary little study has
been undertaken on the Tertiary rocks of the Whatcom basin.
Outcrops,are‘relativelyvfew ‘and the assumption_has been tacitly
" made that theseuare equiyalent to the Tertiary Huntingtonl
Formation of British Columbia In this‘connection Moen (1962)
presents a valuable discussion of the structure and lithology
of the-continental Tertiary rocks composing:thecwest side of
American Sumas Mountain

Miller ‘and Misch (1963) demonstrated that these, and the
Tertiary rocks cropping out near Bellingham, are a distinctly
_younger sequence than the Chuckanut Formation.

Little work has beeén published on the Tertiary floras of
the Whatcom basin. Heer.(1859)_examined and identified some -
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Tertiary fossll plants from Vancouver and : Bellingham' Lgsquereux
(1859) reported on fossil plants from the . Bellingham Bay area.
Newberry (1863) did_further work with plant macrofossils from
the Orcas Island—Bellingham'Bayfarea. J.:W; ﬁawsOn (1895)
reported on a'collection'of plants .from the Vancouver area.
'pBerry'(l923;quotedyin JohnstOn) examined»a'collection from
the south side,of~3urrard‘lnlet-inuvancouver. Somewhat later
Berry (l926)vpublished“a:paper on the.Tertiary floras of
British Columbiarianhich hebreferred‘again to the Kitsilano
-ana Burrard‘floras. ,Pabst_(1962),presented-a Ph.D. thesis on
'the‘Equisetales,'Filicales,-and the»ConiferalessfrOm the
Chuckanut Formation south of Bellingham e

Studies of the palynology are recent and incomplete
Rouse (1962) published the results of his- investigations of
 the Burrard Formation cropping out at Vancouver. More recently,
"Griggs (1965) reported on. a palynological study of the Chuck~
anut Formation w1th samples taken from the cla551cal type sec-

tion along Chuckanut Drive, south of Bellingham. To my know-

. ledge, these are the only palynological studies. that have been

published for the Tertiary continental rocks of the Whatcom

N basin in northwestern Washington
GENERAL GEOLOGY

The name Whatcom basin was first applied by Newcomb, et al
(1949) and the namebwas again used by Moen (1962). Although
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Miller and Misch (1963) refer to it as the "Bellingham Basin’
the name "Whatcom" appears to have chronological priority in
the literature, and I w1ll use it throughout this thesis.

The term_is.here applied to a struotural basin which
apparently began tO'form‘during_the Middle Eocene and inter-
mittently subsided1duringpthe”Early'and Middle Tertiary. The
,whatcon.basinfis underlain,byvUpper'Cretaceous rocks but these
are. not'oonsidered part’offthe basin fill ‘but probably rep-
resent a part of a once much larger basin-of subsidence. The
‘Chuckanut Formatlon, which bounds the basin to the south, and
is- p0351bly in fault contact w1th the younger basin rocks, is
not part of . the Whatcom basin._‘

The Whatcom baSinvlies“in what has'heen terned the "wes-
tern"part.of the 'Paleozoic-MeSOZoio Cordilleran volcanic
orogenic belt' ‘or Pacific eugeOSyncline" (Danner,pl960). In
this region and.eXtending.north and south; a linear structural
depression runs'north_from.the Willamette:Valley of Oregon,
through western Washington‘and Puget.Sound, and through the
GeorgialDepression (BoStock,‘l948' Holland, 1964%) that separ-
ates Vancouver Island from the mainland of British Columbia.
South of" Oregon thls structural trough continues as the Great
Valley of California,.and finally into the Gulf of California.
(Bretz;‘l9l3);' Much of this linear trough is currently below
sea level; the remaining portions are low and-.only slightly
above_sea level. The naturevof this depression'is not known,

but it"is'both'a topographio-and structural low.
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The Whatcom-basin'lies on the east side of the linear
trough and is apparently part of it. Thenbasin is-closed to
the north, south and east, but appears open to and contiguous
with the Georgia Depression to the west. Unfortunately,
however, little can be definitely said- about this because of
" lack of information. The waters of Georgia Strait obscure
relationships to the west, and: virtually all of the lowland
portions of the basin are covered with surficial material of
' Pleistocene ‘and Recent,age. To my.knowledge, a dozen or so
wells'have_penetrated'the.Tertiary:sedimentary rocks.into-the
underlying.CretaCeous. _Paleocene-rOCks, equivalent to. the
.Chuckanut Formation, were not encountered within. the wells,
whichvpresentsna}problem.of,interpretation, This problem is
discussed.more'fully inga later.section;.‘Toadate, the well
data.have yielded‘no‘informationcconcerning-the underlying
structure and basinal relationships within the Georgia Depression.

Tertiary rocks of the Whatcom ba31n, and the underlying
Cretaceous rocks? lap‘up,to_the‘north on the granitic rocks
of the Coast Mountains. ThiS-is a complex'unit of-multiple
intrusions and metamorphic rocks formed over a long span of
time, apparently beginning in the Jurassic and continuing into
the Tertiary (White, 1960) A recent detailed study of the
igneous and metamorphic rocks to the north of the Whatcom basin
has been presented by_ROddick (1965). At several places small
relics of younger;-post-granitic sedimentary rocks are pre-

served on the south»slopes of the iCoast Range, all dipping
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southward. i

To_the east,.on Canadianland*American Sumas Mountains,
the Tertiary'rocks lap.upon the complex of-pre-Tertiary met-
amorphic rocks andtultrabasic intrusions,:and also upon the
Paleocene-Chuckanut'Fdrmation. These older rocks and their .
structural relations are described by Crickmay (1930), Misch
(1952), Moen (1962) and Miller and Misch (1963)-

On the south the relationships are obscured. Post-
'Chuckanut Tertiary continental sedimentary rocks appear north
and east of Bellingham, generallyvdippingenorthAinto the basin.
South of Bellingham andvto the east are the so-called Chuck-
anut Hills, a hlghland formed in the. Chuckanut Formation.

y Although no contact is visible at the south end of the basin
| between the younger and older rocks, the contact 1s probably
a fault relation of some type. A more detailed discussion of
 this will follow in a- discussion of geologic history.v

In summary, the Whatcom basin appears to be a structural
Aand topographic low, connected to the Georgia Depress1on and
rimmed by hills and mountains composed of older and diverse
rock types., Active subsidence and concomitant deposition
probably.took:place through most of‘the Early and Mlddle Ter-
‘tiary,period; | | |
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GEOLOGY OF THE LOWER TERTIARY ROCKS

o .

Study of post Chuckanut Tertlary sedimentary outcrops
is limlted to. only a narrow stratlgraphic section for several
'reasons.f The rocks, w1th minor and limited exceptions, all
dip- into the basin (see Figure D 1n pocket) Outcrops are
vrestricted to the extreme margins of the basin, and except to
the north the dips_are steep»and width of~ outcrop narrow. Ier—
tiary rockvexposures'withinsthe'basin andﬂaway from the margin
- are absent-ﬁPleiStocene and-Recent deposits cover.them all.
| Although the: thickness of the Quaternary and Pleistocene
dep031ts is not everywhere known, wells 1n<var1ous places have
penetrated the surflcial material. At'Pitt‘Meadows in British
»Columbia, the Plelstocene and Recent is. l OOO feet thick. At
Steveston,_?OO feet-of.Recent.sediment overlies»l60 feet of»
,PleistoCene Sediment (Johnston, 1923). A deep‘well near Point
Roberts penetrated 800 feet of Pleistocene and Recent deposits;
whereas a well north of Blaine encountered 1, 200 feet of Quat-
ernary deposits (Richfield 0il Company) The maximum thick-
- ness of the methane bearing Pleistocene deposits 1in the Whatcom
County gas field is 615 feet (LiVingston, 1958).

In addition to- the narrow width of outcrop, exposures are
further concealed by a dense “3covermof vegetation. The high
preCipitatlon,»especially on the hills rimmingpthe basin, com-

bined withimild temperatures,'supports vegetation that is
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usually dense, and'which covers“all rock exceptrthat on very
steep slopes, in_deepﬁstream'Cuts-or-along artificiallyvexca%
vatediroad'cuts; The:climate'appears to}hasten<rock decay so
that only.those,cuts_made in.the_past fewtyears providenexpo—
'suresbof freShvrock. FWhenasampling for palynological purposes
vit is usually necessary to chip back into the outcrop a consid-
rable distance to acquire relatively unweathered rock.

Finally, outcrop is restricted by the almost ubiquitous
.coating of Pleistocene till that is plastered on most surfaces.
Even in the marginal uplands, till is abundant,scovering large
areas where Tertiary rocks should otherwise be abundantly
exposed'_ Hence, outcrop study is limited by four factors~
.narrow width of outcrop, dense vegetation, Pleistocene till
'cover, and atmospherically decayed rock.

The - only other place- where Tertiary rocks can be directly
: observed is in well cuttings and cores.. However,_these are
vfew,.and.little stratigraphy‘and less structurefcan be deter-
mined'from them.. As a consequence, knowledge of Tertiary _
_rocks is based almost entirely on examination of limited expo-
sures, both horizontally and vertically..~ _

The paragraphs following give a brief discuSSion of each
of the five formations. In a later section, following discus-
sion of palynology, anfattempt is made to.place. these formations
in time, and to present a plausible historical account of their
depositional'environments‘and their present geological occur-

rence. Table A:synoptiCally summarizes the relative position
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TABLE A

STRATIGRAPHIC CORRELATION CHART OF THE NANAIMO GROUP,
CHUCKANUT FORMATION, AND WHATCOM BASIN ROCKS

WASHINGTON

ITISH C BIA
EPOCH WELL SEcTions | BRITISH COLUM
» OUTCROPS OUTCROPS
PLIOCENE | .
UNNAMED
ROCKS
OLIGOCENE |
KITSILANO . e '3 3
KITSILANO z X |x o o
~ AND FORMATION |35 < |43 g h X2
BURRARD  f-———-- P—{3e 2 |E0y3 8= i3
EQUIVALENTS |[BuRRARD |23 2 |, 930 7% w2
EOCENE otV ForMATION |33 2 2378 5 8°
PALEOCENE CHUCKANUT
‘ FORMATION
LOWER CHUCKANUT 7 | treex
UPPER ;
NANAIMO
CRETACEOUS GROUP
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‘of the several stratigraphic units. The listing of outcrop
samples indicates only that they are Eocene in age; not that

one outcrop .is necessarily younger or older than another. .

Co . ) .

uWhile'the_present_report‘does not deal specifically with
the'ChuckanutlFormation;iit is necessary t0‘provide a brief
description, so’that'absatisfactory diStinction=may be made

.when discuss1ng the Tertiary continental sedimentary rocks.

. The Chuckanut Formation crops out south of Bellingham, to the

west on Lummi-Island, east on American Sumas Mountain, and
bsporadically southeast through the Cascade Mountains.

Glover (1935) and Weaver (1937) presented detailed strat-
igraphic descriptions from the type section along Chuckanut
bDrive,'south of Bellingham.' Glover states that»there are at
least 10,000 feet of continental clastic sediments here, but
) inferences drawn from drill hole data indicate a possible
thickness of 16 OOO feet. East of Sumas Mountain, 15,000 to
20 OOO feet of Chuckanut Formation have been measured (Miller
and Misch, 1963),'.The formation has_been-considered continen-
tal and‘oonsists_predominently ofrarkose with considerable
amounts of shale, siltstone, and’conglomerate; - According to
Glover, the few coal seams present are mainly confined to the
upper part of “the section.

| Structurallyvthe Chuckanut’Formation is rather intensely -

deformed. Folds, which are openvto moderately tight, trend
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northwesterly south of Bellingham and northeasterly north of the
Nooksack River. Locallydthere is evidence of minor reverse
faulting or overthrusting. Crickmay (1930) and Moen (1962)
have mapped"a majOrdwest'south-west fault?east‘of American
Sumas Mountain which cuts Chuckanut folds.» Miller and Misch
(1963) have indicated a displacement of greater ‘than 5,000
‘1'feet on this fault, and find it is overlapped by post- Chuckanut

.Tertiary continental sedimentary rocks which show no offsetting.
- As a consequence,‘an unconformable relationship is inferred
between the two formations

Traditionally the Chuckanut Formation is reported as
entirely continental and assumed to have been deposited in
‘broad alluvial valleys. However, according to W. H. Mathews
(written communication), Marie Pabst observed probable verte-
brate ‘remalns (Ichthyosaur°) at the southern end of Chuckanut
' _Bay,ybut apparently.these.have never beenscollected. If this
report'is correct, 7the 1owermost ChuCkanutais marine and pro4
bbably Upper Cretaceous.- | | v
With this one. exception, neither vertebrate nor inverte—

brate remains are known from the Chuckanut Formation, but
: plant micro-~and_macrofossils are locally:abundant. On the
basis of'fossil plant’remains,»the“Chuckanut has been dated as
'Cretaceous;:Paleocene or'Eocene (McLellan,.1927; Weaver, 19353
and Misch, 1952). After working with fossil plant collections
from various 1ocalities, Pabst (1962) concluded that the Chuck- -

anut Formation ranges in age from Late Cretaceous to Early
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Oligocene. However,'these workerS'did*not recognize the
existence of a younger Tertiary continental sedimentary
- sequence which unconformably overlies the Chuckanut Formation.
The Tertiary continental sedimentary rocks which were defined
by ‘Moen (1962) and Misch (1963) and assigned by me to the
Whatcom basin sequence_werevconsidered until 1962 asnpart of
the ChuckanutbFormation.:'This, of COurse; confused their
interpretation and resulted in erroneous correlation. Griggs
(1965) working w1th plant microfossils from the Chuckanut
type section-along Samish,Bay,1south:of~Bellingham, concluded
the age‘of the Chuckanut is most 1ikelyjPaleocene to Lower
Eocene._ o | _ ‘_. . | v» v

"_ The correlation of the Chuckanut Formation w1th other rock -
| units is generally known Moen (1962) suggests that the Chuck-
I'anut Formation may, in part at least be correlatable with the
bMarine Nanaimo group mapped by McLellan on the San Juan Islands.
Others are: more definitive YOn the basis of fossil evidence,
.'lithologic 51milarity, outcrop patterns,.structural continuity,
and degree of deformation, the lower part of the Chuckanut
‘Formation 1s correlated with the upper part of the NanaimO'

’Group" (Miller and Misch, 1963)
- ﬂ ‘
The Burrard Formation was named by- Johnston (1923) for a

series of conglomerates, sandstones, ‘and shales that underlie

the city of Vancouver and which sporadically crop out along the
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south shore of'Burrard'lnlet as far east as Burnaby Mountain.
Several small outcrops occur on the north shore of Burrard
Inlet along the lower reaches .of Capilano Creek.

‘The Burrard Formation 1is about 2,000 feet thick, con-
| sisting of conglomerates, sandstones, and shales and a few
.Athin interbedded lignitic seams (Johnston, 1923) The base
: of the formation rests unconformably upon the granitic rocks
| of the Coast Range Mountains and is exposed only on the lower
canyon of the Capilano River - Beds higher up in the section
are exposed at Prospect Point then more or 1ess continuously:
along~the_west-side;of Stanley Park. Thefgeneral attitude of
' the formation appearsth'be'axcontinuous south dip at 10 to
| 150.- S - S _ :
| The base of the formation is marked by a basal conglom-
i erate about 50 feet thick that “is composed largely of sub-
"angular granodiorite boulders up to 6 inches in diameter,
accompanled by - minor amounts of diorite, greenstone, chert,
quartzite, and schist boulders set in a sandy, ferruginous
matrix (Johnston, 1923 Hughes, 1946) The upper portion of
the Burrard Formation consists of a coarse-grained feldspathic
sandstone interbedded w1th sandy shale.' According to Johnston,
a total of 1, 300 feet of strata is exposed. along the west shore
of Stanley Park'lof this thickness, 1,100 feet is sandstone and
the remainder shale v'

Johnston_placed the top of the»Burrard Formation beneath

 a "basal conglomeraté" of"the-overlying Kitsilano Formation.
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This COnglomerate is not‘everywhere present and' the similar
:?lithologies of the two formations make distinctions difficult.
- A very real possibility exists that this may simply be an inter-
bedded conglomerate and may ‘have no particular time significance,
'i e. a time break here may be inconsequential (Rouse, 1962)
' A number of assemblages of f0551l plants have been col-
1 .lected and examined from the Burrard Formation.} J. W. Dawson
(1895) studied a collection of plant remains from the Stanley
-Park area along-the south shore:of Burrard Inlet and concluded
'the beds were Eocene in age. E W Berry, after studying a
'plant collection made by Johnston from the same .general site,
reported that the rocks were. Middle or Upper Eocene (reported
in Johnston, 1923) ' Berry (1926) added "There can be no
question of the Eocene age of these plants, -- ,“ Rouse (1962),
‘after a study of the plant microfossils, concluded that the -
Burrard Formation,south_of»Burrard Inlet is-Middle Eocene in
age. He reportedlfurther'thatithe "Burrard Formation" of the
§ north'shOre infcapilano'Canyon’was considerably older, possibly
Cretaceous and equivalent to part of. the,Upper Nanaimo Group.
The nature of the contact between the north shore Burrard and
_the Burrarleormation to-theusouth of the Inlet is unknown
because 1t lies'below the'waters of Burrard Inlet. Crickmay and
Pocock (1963) using palynological techriiques, suggested that the
Burrard Formation was Upper Cretaceous and- correlated it with
- the plant-bearing portionsvof the Nanaimo Group on Vancouver

 Island.



According to Johnston (1923) ‘the
-"Burrard Formation was. deposited mostly in shallow
- water and in part sub-aerially on an alluvial
-plain under humid-warm climatic conditions and -
nearly at sea level. It is not a true delta deposit,
- at least in the landward part but may pass into
' delta deposits R _

He suggests the possibility that all of the Georgia
‘Depre551on was an alluvial plain and that the sea did not
extend into the region. Because some 2 OOO feet of sedimentary
-rock is present in the Burrard Formation, subsidence probably
-was active during the period of deposition.

For the purposes of the discussion to. follow I will con-
tinue to use Burrard Formation as defined by Johnston, except-
'ing however, the outcrops on the north side of Burrard Inlet.
“As I will discuss more: fully in a later section, these north.
| shore rocks are probably equivalent to: the Upper Cretaceous

f';encountered in the well samples, and pOSSibly equivalent to

the lower Chuckanut Formation

The Kitsilano is a’ rather inadequately delimited unit

- overlying the Burrard Formation, and underlying the Pleistocene
sediments on which ‘is built the city. of Vancouver It outcrops
along Kit51lano Beach, at various places along the south shore
of Burrard Inlet and east to. Burnaby Mountain The Kanaka
vCreek sediments to the east northwest of Whonock apparently

_belong'to_the_KitSilano*Formation,Abut'the_character'of the;



_2‘5_

sediments 1s not definitive and they may actually be Burrard
'equivalent (Johnston, 1923)

The bottom of the Kitsilano Formation has been placed
'more or less-laterally.continuous., As suggested above, the
Vevidence for a prolonged time break between the Burrard and
Kit31lano Formations is highly uncertain at best. Indeed
even Johnston (1923) observed "--- since both formations are
in 1arge part composed-of material dep051ted on land or in
shallow water, it is possible that the apparent break is due
to contemporaneous erosion. "~ Roddick (1965) no longer main-
tains the distinction between‘Kitsilano andiBurrard Formations
-and COnsiders them‘one'unit;~ He adds that "Armstrong (report
in preparation) indicates that the subdivi51on should be -aban-
doned and .a’ new name proposed for the assemblage. _ '

For the purpose of the report I shall continue to use the
_terms Burrard and Kitsilano Formations in the older sense of
distinct rock units and in the sense they were defined by
Johnston. Because the Kitsilano dips to the south and disappears
beneath a mantle of Pleistocene outwash and till, the top of
‘the formation is not visible. From several lines of evidence,
Johnston con51dered a conservative estimate for the thickness
of the Kitsilano Formation to»bevl,SOO feet. However, in the
Highbury tunnel which was not available to Johnston, there is
a stratigraphic thickness of Kit51lano Formation of approxi-
Lmately 900 feet. From 5th.and Highbury Streets due north to

_the northernmost outcrOp_mapped by Johnston on English Bay, the
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distance is 1% miles.'-Assuming‘an average dip of 10° due
south,'there is a total stratigraphiC‘thickness in this latter
interval of 1, 225 feet. ‘Because to the east near Second Narrows,
voutcrops of Kitsilano Formation are known still farther north,
it would appear that a mlnimum thickness of 2 500 feet is pres-
}ent.' However, because outcrops are limited and because we are
still: uncertain as to the validity of the Kitsilano Burrard
‘contact the actual thickness is still unknown.

_ The so-called basal conglomerate contains pebbles and
boulders ranging from l to 10 inches in diameter. Near Second
Narrows Johnston described 1mbricated gravels,‘suggesting
’ deposition by a westerly flOWing river -~ The rock fragments,
iVaccording to Johnston, are mostly granitic and apparently

{derived from the Coast Mountains. Also present are‘schistose
' rocks and pebbles of shale,_the latter presumably derived from
the Burrard Formation. |

| Sandstones_andeshales‘make_up.most-of the middle and upper

parts‘of the Kitsilano Formationf'“The sandstones are coarse-
grained,.frequently;.crossrbedded.on aLSmall_scaleé‘andtocca—
sionally'contain_thin—lensesIand irregular3masses of:lignitic
coals. -The sandlgrains.are generally.angular,'contain an

. abundancekof heavy minerals such as biotite, chlorite, horn-
blende,'olirine, garnet and spheneg(Thomson, 1958). Thomson
also added that=the~fresh,'angular nature of the sand grains
"indicates that transportation has not been great ~and that

conditions of rock destruction were mechanical rather than
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: Chemical.f.-The'source rocks Wereiapparently-metamorphic<and
igneous,yalSO'suggesting,a sOurce.in,the CoaSt Bange to the
north. : i | | | v | .

‘The shale is often blue-grey and usually sandy;b Locally
'_both sands and shales contain remains of logs that have been

» altered to lignite. Stream channeling, 51milar to that of the

- Burrard Formation, is found throughout the middle and. upper

Kltsilano.bﬁ |

_ The KitSilano Formation shows the same attitude as the
‘underlying Burrard Formation and at Kit51lano Beach dips to

the south at 6Ato 9' Attitudes measured south of the Kits1lano
_Beach outcrop, within the artifically excavated north-south
nghbury Tunnel are 9 to lO | (See Figures B and C.) To the
'south, for as far as direct measurements can be made, the
vf_southerly dip is reasonably constant What happens deeper in
.the Whatcom basin can only be inferred from the study of plant
‘microfossil assemblages in wells and outcrops The‘results of
'this investigationvfollowlin later»sections.of.this'report.

| vPlantimacrofossils are'abundant in the Kitsilano Formation.
lA collection of plants from rock exposures at Kitsilano Beach
‘were identified and discussed by E. w Berry. He concluded
. that "the general facies of the K1t51lano plants is, in my
judgement, entirely-Eocene and does’ not in the slightest degree
suggest later-Tertiary“'(quoted by JOhnston, 1923). Berry, in
»»personal communication to Johnston, goes on. to say "there is

no objection to considering the Burrard Inlet plants as Middle
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or Upper Eocene,.and:Kitsilano-plantsvas Upper Eocene or Lower_,
Oligocene;f-cSomewhat laterfBerry'(l926) stated "the conclu-
sion'thatvthetbeds at,Kitsilano are Focene is strongly'indi+
cated‘—?- iusttwhat part of the'Eocene isﬁperhaps not deter-
_minable*at-the,present time. I would.regard it'as’late Eocene
e h T

| Johnston, in referring to the origin of the Kit51lano
sediments, suggests they are 31milar to the Burrard, i.e. an
alluvial plain depos1t which may pass 1nto delta sediments
,westward and southward In neither formation is there any
-evidence of marine deposition, nor are there any marine f05511s.
.Channel structures, cut and fill structures, and 1mbricated
gravels all imply an alluvial origin. 'Even the shales must
"have been deposited 1n shallow water because they contain abun—

dant- sand grains: which probably could not have been carried far.

. Huntington For E
‘Thé(HuntingtonrFormation:crops out onbthe southwest end
“of Canadian Sumas.Mountain,ujuSt_north of'the International
'Boundary, atfthernortheast:side'of the.Whatcom_basin (see
Figure D).,’SumaslMountain is the most impOSing topographic
feature.of the Lower Fraser Valley, rising abruptly from-the'
flood plain to a maximum. height of 3 000 feet. The upland
consists of about 40 square miles, of which about five are .
_underlain by Tertiary sedimentary rocks ' The remainder consists

of older volcanic rocks and 1ntrusive rocks (Kerr, 1942).
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Although Daly was not. the first geologist to visit Sumas
Mountain, ‘he was the first to describe, with any- degree of
accuracy, the-rocks_cropping,out_there. During his 49th par-
allel'study,fﬁaly (l9l2l,concluded,that_thelsedimentary rocks
of Sumas Mountain were Eocene in age and proposed the name
1"Huntington Formation for them.- | | |

The first detailed study of the Tertiary rocks on Sumas
Mountain was by Kerr (1942) Later the clay beds. of the Hunt—
| ington were examined and reported on by Cummings and McCammon
(1952) ' The sediments comprising the Tertiary range from con~
glomerates With component pebbles up to H inches in diameter,
to shales and lignites.g Kerr, and Cummings and McCammon, both
vcommented on the general tendency of the unit to: become coarser
stratigraphically upward , I observed the same characteristic '
during my collecting in the area. | | o | |

» As in the Kitsilano ‘and’ Burrard Formations,_lenSing and
,pinching of - sandstone is common.' However, the conglomerates
.appear to be more constant Likewise, channeling,:cut and fill
'structures, and cross- bedding are commonplace features. On the
contrary,~however, the shales and lignites‘are,fairly.regular
and may‘eXtend.as much‘aSvl‘OOO‘feet-along’strike without -
apprec1able change in thickness or character. The latter'uni-
formity was observed in mine drifts by Kerr (1942) but these
- drifts were no longer open in 1964 and 1965 when the present
palynological collecting-was,being‘done.‘_

_The structural attitude of the HuntingtonvFormation appears



=32~
to be a more or less constant dip of 10 to 150 to the southwest
with strikes averaging N'%SO W. Many local variations occur in
the Huﬁtingtpn, however, presumably as the result of sag and
differential movement during uplift. The total thickness is
not known begause‘neither a top nor a bottom of the formation
is exposad.:uH0wever, Kerr'managed‘to measure a stratigraphic
thickness of 1, 400 feet. He found that
"o about 300 feet consists of clayey shales,
llgnlte seams, gray shales, indurated grit and
sandstone.  The remaining 1,100 feet are made up
principally of pebbly conglomerate with inter-
- bedded sandy layers and they are found on the
~upper slopes of the hill." (Kerr, 1942)
The clasts in the conglomerate are pr1n01pally.of granlte,
.diorlte, quart21te, black arglllite and greenstone. Unlike
some of the Kitsilano rocks, they do not show imbrication,
although limited crosa4bedding suggests a'source to the north-
east. Contrary to the views of. Kerr, Cummlngs and McCammon
report on the lateral unlformlty of the conglomerates, but the
latter authors had the advantage of numerous d:;ll holes. The
sandstones'are feldspathic, oacasionally bearing primary biotite,
.and not as weil consolidated as the.coﬁglomerates.
| Cumminga and McCammon (1952) discusévthe clay and shale
deposits of British Columbia, with considérable'emphasis on
the Sumas Mountaih area. Here, they comment, occur the only
true fire-clay deposits in British Columbia. Because of the

glacial drift and thick brush, most of their structural inter-

pretations are based on drill holes.
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The basement'rocks, both plutonic and volcaﬁic;-have an
upper surface dipping generally to the southwest, but there -
arelnumerous'hollOWS and depressions on this:surface.u,It:is
in these that the fire-clay seams formed (Cummings.and McCammon, = .
_1952) Beneath the obviously clastic zone, and above the base-
ment, lies a thick kaolinized zone, “presumably the result of
intense weathering Qf basement rocks priorvto the deposition
of fhe clasﬁic sediment. ‘The thickness of the clay zone variles,
but reaches at least 70 feet in places. The lower portion_of‘
the clastic sequence,.qverlylng the'clay, is made up of alter-
nating shales;fligniresvand-sandstones, butvhigherfupbthe_sec-
-tion thiek“beds ef'eongIOmerafe‘become nﬁmerbus;':~ |

Kaolinite 1is almost pure, two-layered aluminum s1licate,
.Whlch here 1s apparently a. result of laterization. Laterites
'are now forming only in areas of good drainage in humid-tropical
'and subtropical,regions, ‘SO presumably these clays have an
environmental sigﬁificance. | |

The shales ahd lignites, overlying the clay, appear to
have been deposited;on flat swampy land with.at‘leasﬁiinter~
mittently prolific planpvgrowthr The inversejgrading}.or_finer
sedimenf.be¢omiﬁgvcearser.stratigraﬁhically upward; is prical |
of non-marine ﬁasins; and in most cases is the resalt of basin-
filling (Dr. R. V. Best, oral commuhication). Also ﬁossible
is uplift in the source area, becoming more intense with time.

Leaf remains have been found in the Huntington, but. they

are characteristically poorly preserved and little has been
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done with them; 'Fossil.plant\specimens were collected by
Daly and submitted to F. 'H.uKnowlton, ho reportedvthat the
collection was of little diagnostic value (Daly, 1912). Much
_ later, R W. Chaney collected at Sumas Mountain but stated in
a communication_to‘Kerr (l942)-that the-fossil.leaves‘he.
collected werelfragmentary and poorly preserved, and that he
was unable to. do anything with them.

It has been generally assumed w1th little substantiating
evidence, that the Huntington Formation is Eocene in age, and

possibly correlatedeith the Burrard or Kitsilano Formations.

. L |

Tertiary continental sedimentary rocks (excluding the
Chuckanut Formation) crop out in a discontinuous belt from the
southeastern end'of;VedderlMountain, to-the southern endvof
American Sumas'Mountain, thence westward-alongvSQualicum Moun—
'tain;to King Mountain north of Bellingham. At various places
this unit unconformably overlies pre—Cretaceous rocks.v'South |
of the Nooksack River it unconformably overlies the Chuckanut
Formation. | | | |

The‘Tertiary continental sedimentary'rocks are a sequence
ofrconglomerates, sandstones, shales, and very minor cOal seams.
' Becausthhisvunit dipsnwestward into the Whatcombbasin>and is
.unconformably overlain by Pleistocene and Recent_sediments, it

is notlpossible'to give its true original thickness. However,
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~at the northern end of the outcrop belt, there are 3,000 feet
of strata (Moen, 1963).

| Congldmerates make up about‘30 percent of the section and
are composed of pebbles and cdbbles'l to 3 inches in diameter.
‘These pebbles are‘mainly volcanic rocks, granitic and gneissic
| rocks,'chert, white quartz, and argillite. The matrix is gen-
erally afkdéi¢-and moderately well indurated so that topograph-
idéliy the-conglomerates form vertica} cliffs as much aé 200
feet high. The>conglomerates afe distributed throughout the
section, and on Sumas Mountaln occur also as a basal conglomer-
‘-ate which overlies Paleozoic rocks, and locally the Chuckanut
Formation.

The sandstone is largely arkosic,.massive and coarse-
gréined;l‘It'is'composed éf poorly~sorted.angular péfticles and
éccording ﬁo Moen (1962) may contain up to 50 percént feldspar
as well as'chk fragments and mica. Ordinarily the sandstone
isApoorly'cemented_by calcium carbonate or iron éxide'and tends
to be somewhat friable.

Shale is moderately common as interbeds throughout the
section. Theselshéles range from a silty clay to a refractory
firé-clay very similar to thét found at Canadian Sumas Mountain.
All the shale beds are slightly carbonaceous but never highly
so. Coal beds afe thin and uncommon. in general, the carbon-
aceous material in the Tertiary continental sedimentary rocks
is much less than that found in the Chuckanut Formation.

Although the refractory clays are similar to those of
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Sumas Mountain, they are not in situn and are not lying on
weathered basement rocks. The clays here lie in pockets at

the southwestern end of Vedder Mountaih, some 3 miles south-
east of the town of Sumas, and 5 miles south of the clay occur-
rence‘at Canadian Sumas Mountain. The clays are separated by
several huﬁdred feet.of clastic shales and sandstone, and the
basement rocks sﬂow no sign of kaolinizatioh; Because these
‘clays were:not'fOrmed'inlplace, they are by definition alloc-
lthoﬁous.- The most likely place of origin was Canadian Sumas
Mountain or some similar but unknown location.

Locally, on the west side of Sumas Mountain, a lateritic
shale bccurs at the base of the Tertiary continental sedimen-
tary rocks, and was apparently developed as the result of
- weathering on a pre~Tertiary peridotite intrusion. The lat-
srite»is‘ferfugihousvand contains up to 48 percent iron, with
the deposit ranging from 30‘to 50 feet thick (Moen, 1963).

Structurally the rocks show 1little deformation besides
tilting. On the west flank of American Sumas Mountain they
have a general northward to north-northeast strike and dip
30 to 350 to the west. A small and local anticline~syncline
at the south end of Sumas Mountain produces almost vertical
- dips. In the vicinity of Bellingham, the Tertiary continental,
rocks have én essentially east-west strike with dips up to
60° north.

A few isolated femnants of basal Tertiary continental

rocks occur on the north end of American Sumas Mountain and on
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southéaﬁt Vedder Mountain. These are now mostly flat remnants
of a onée greater extent of Tertiary rocks.~ All the fire-clay
deposits occur in these remnants. _ .

As with all the other units discussed, these strata are
continental and were deposited unconformably on an o0ld erosion
surface.‘ The environment’of deposition was probably similar
to that of the Chuckanut Formation with local westward flowing
drainage‘carfying material from rising highlands to the east,
depositing the‘material on a near-sea level coastal plain. The
composition of boulders within the conglomerate suggests that -
all were derived ffdm"the northern Cascade Mountain area to the
east. The high proportion of conglomerate and sandstone, with
the'borrespondingly low quantity of shale and coal suggests a
rather unstable environment. More or less continual uplift of
the source‘area to the east is indicated.

‘. The présence of'aluminum;rich fire ciay on Canadian Sumas
Mouﬁtain andAferruginous shales on‘American Sumas Mountain
ihdicates a period of local stability in a humid subtropical to
tropicél climaﬁe. But in both cases these laterites are at or
near‘fhé base of the séctiOn, and were formed prior to the
dépoéition of the clastic éequence.

To my knowledge, only a few poorly preserved leaf fossils
have ever been found in these rocks, on which no work has been
done. Miller and Misch'(1963) have considered the Tertlary
continental sedimentary rocks equivalent to the Huntington

Formation of British Columbia on the basis of lithologic
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- similarity, degree of deformation and outcrop distribution.
From this they assume a probable Middle Eocene'age for the

sequence.
AGE AND CORRELATIONS
I i 1 D ipti

A number Of_wélléghavé been drilled in the Whatcom basin
with the first on record being a 30 foot hole drilled near |
Bellingham in 1893. Early wells included water wells, gas
wells; and explbratpry oil hdles. Prior to 1940; drilling was
generally on a'haphazérd-and unscientific basis with little |
geologic control. As the oil potential of wvarious Terﬁiary
basins along the Pécific Coast became apparent, the Whatcom
basin took on minor interest as a potential oil or gas bearing
fegion..'

Eérly ih the‘century a wéll drilled near Ferndale, five
miles northwest of Bellingham, encountered gas in modest quan-
tities in the Pleistocene 6verburden. Additional wells revealed
the presence of several gas horizons at depths of 170 to 500
feet (Livingston, 1958). Although this gas, with a high methane-
nitrogen content, was ﬁot available in commercial quantities,

it has been supplied to nearby homés‘and farm builldings. The

maximum thickness of Pleistocene here is 615 feet, and the
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assumption 1s made‘that the gas has been generated in, and
migrated frem, coal- seams in the underlying pre-Pleistocene
rocks. Livingston (1958) has stated these are Chuckanﬁt
beds beneath the Pleistocene, but the results of the investi-
gation reported here indicate a Miocene age.

AIn the 1930's'and,l940's other deeper exploratory holes
were sunk, penetrating the Pleistocene for a considerable dis-
tance into therunderlying "Chﬁckanut", as the older sediments
have beeh_traditienally called. Companies involved in this
dexplorationvhave'been usualiy small and locally organized.

Their operations have been random and without adequate geologic
control, 1Drilling‘records were often kept in a haphazard method
by. the drillers. Samples were-usually taken,‘but in_many cases
their whereabouts are no longer a matter of record. |

T spent several days in Ol&mpia,‘Washingten, visiting the
offices of the StatepDivisioﬁ of Mines and Geology, where avail-
able records and samples of wellsvdrilled'Within the State are
stored. Data are very'incomplete;'and in»most cases»add nothing .
to published material already avaiiable. |

Resulte from four wells were scrutinized particularly be-
cause the data appeared comparatively good, and because the
wells are IOCated on sites which might have produced useful
"information. These are:

Russler Ne. 1, located apout 4 miles west of the south end
of American Sumaé Mountain. This well was spudded in 1935,

reached a depth of 4,175 feet with several reported gas shows.
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Hillebrecht No. 1, Iocated about 2% miles south of Lynden,
Washington. Spudding was in 1947 with a total depth of 3, 492
feet. ‘Gas shows werse reported at 790 and 1,200 feet.

Lange No. 2, located in the earlier-mentionediFerndale
gas field;‘ This weil was spudded in- 1931 and reached a total
depth of 2,008vfeet. .Agein,'ges shows were recorded, one of
~sufficient quanfiﬁy to be used locally. |
Finallyvih 1945, the Standard 0il Company of California
'drilledrthe Ferndale'Community well about 6 miles south of
Blaine. Although it was completed as a dry hole,'it reached
a total depth of 6,231 feet and penetrated a considerable
section of.Tertiary rocks.

Whilevin Olympia, I examined end sempied cuttings from
these four wells. Unfortunately.samples from the bottom 4,000
feeﬁ of the Ferhdale Community well were missing. Cuttings on
file were,rfor the most part, sand and hence unsuitable for
palYnologicel analysis. Some shale samples were chosen but.
the maceration resﬁlts were disappeihting. In almost every
case micrefoseils were absent or-so peorly preserved nothing
could be done with them. The few adequately preserved forms

were not diagnostic and of no value. |

North of the International Boundary, in Canada, available
well data.are.less complete, bﬁt a number of wells have been
drilled, some of which penetrate the Pleistocene. Although an
overall compilation.of 1ocations is available, there is no lithf

ologic or testing information.
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One interesting well is the Boundary Bay well No. 3,
which was reportéd by Johnston (1923). The well, located near
Boundary Bay, was drilled with rotary tools to a depth of
: u,112'f§et. AInterpretations at the time suggeét.2,300 feet
of Pleistocene and'ReCenf,'but more recent drilling with more
sophisticated equipmentbindidates this may be an excessive
thickneés;} However; the bottom several thousand feet of the
well aré composea Of,poorly consolidated sands, shales and
lignites. The well bottomedvin what is interpreted as con-
giomeraté or.graVel. Fossils wéré absent; but Johnston sug-
gested these rocks represent a fbfmation similaf to, but younger
than the Kitslilano Formation which'he had mapped and némed to
the north. On regional stratigraphic grounds he suggested'
that these rocks, whiéh he termed the Bqundary Bay Formation,
varé‘of Pliocene or possibly Miocene age. As.a consequence,
Johnston must héve‘beenfthe first to suspect that rocks younger.
than Kitsilano weré present in the Whatcom basin.

More recently, the Richfield 0il Company and the.Pure 0il
Company together drilied two-wellé_in the Whatcom basin, both
in Brifish Columbia. These two wells, because of their funda-
menfal importanCe fé'the present investigation,»are indicated
on the geologlc map in the pbcket (Figure D).

The Point Roberts.well‘is located near Tsawassen and was
»drilled during the last seven months of 1962. A total depth of
l%,337.f§et was reached. The Sunnyside well, located 14 miles
to the‘éésﬁ, and drilled during the first.five months of 1962,
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reached a total dépth of 10,899 feet. Alﬁhough I have little
of factual data concerning lithologic samples or specific logs
run, I do have eiectric logs from both of these holes. Also,
through the courtesy 6f the Richfield 0il Company, I have
examined slides of méceratedvsamples taken at approximately
100 foot intérvals. T am .also uﬁofficially.informed that key
horizohs were not encountered. Geologists at the well-site
reportad a cqntinudus, non?diagnostic sequence of sandstones,
‘shales, and’coals.frbm the base of the Pleistocene to total
‘depth}"I'have attempted to correlate between wells on the
basis of electric logs but_with no provable success. Lithologic
units are variable, characteristically pinching and lensing.
However, some zones,yielded plant microfossil aSSemblages, and
these_have‘been applied here in an attempt to provide some
measure of correiation between wells. |

_ VR
Di . f Well Dat
Pofentially,_palynqlogic data'from.weils is very good for

problems of»correlation, dating and paleoecology.>:ln the case
of the two deep Weils under discussion,'a-thick sequence of
sedimentary'rOCKS'waS‘penétrated. Accepting as valid the
thesié that a microfloral assemblage is typical of the flora
extant at the time, careful sampling and'énalysis of samples
at regular,intefvals should produce a sequenée of floras reflect-

ing evolutionary and climatic change through time. Genérally
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this. appears to be true,.although certain pollen grains,
because 6f'their fragile nature;‘(i,e. Thuja and Populus) or
. because théy:are easiiy_destroyed by bacterial action, (i.e.
AQ&;)»may be uhder—represented. Others; because of their excep-
tionally dﬁrable nature (i,e. certaih fungal spores) may be
over—represented}.-HbWeVer; if floras are taken as a whole,
and if too much weight is not pléced on relative prOportiéns
of miérofoésils, a fairly reliable analysis of surrounding
vegétatibn is possible. Furthermore, because the Tertiary was
a period of climatic and topographic change, floras d4id change
and evolve. Analysis of thé~flora1 record should be, and often
is, usable as an»age dating method.

| However,.certain additional problems and pitfalls arise
of which the palynologist must be cognizant, and make allowénce
for. The threé basic problems involvéd in palynologic analyses
of well samples are 1) reworking, 2) Weli-caving'andl3) non- |
representative samples. 

Many plant microfossils are exceptionally fesistant'and

are often reworked from'older to younger sediments. This is
especially trué:mf minute_shale_chips are being eroded and
redéposiﬁed. The seriousness of this problem, of course,
varies from area to area but may be critical in the Whatcom
basin regionvwhere a microfossil-rich Chuckanut Formation pre-
sumably was at least a pértial source for the younger basin

sediments.
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The‘extent of well-caving is usually unknown, but poten-
tially poses problems. As thé drill bit reaches increasingly
greater depths, a‘tall cylinder of unsupported rock remains
above. Mud preééure, of course, gives considerable support;
nevertheless, motion of the rotating drill stem, coupled with
mﬁd mo#ing upWard atra relatively high velocity will induce
caving from léss we11 supported units, notably shale, up the.
hole. As a consequence, ditch samples taken at a specified
depth may actuéily contaln bits of‘éhale or coal from different
horizons up'the.hole._-Fof this reason, the apparent strati-
graphic range df'certain floral elements may appear longer than
| it:aCtually is. VCores, of COurse,~eliminate'this particular
problem becauée‘we-can be certain 6f the stratigraphic interval
ffdm.whiéh they ﬁere taken. However, cbres afe usually incon-
?eniently 1ocatéd from the palyﬁologist's view, and generally
consist largely of_sandstone.'

The third problem of nonffepreéentativétsamples is always
a cause for coﬁcern in palyﬁologicél,studies and the problem is
accéntﬁated with well samples. Samples taken at arbitrary inter-
vals,'in this case 100'feet, may not be totally representati#e
of that intervai; Several factoré, such és 1lithology, edaphic
conditions, and microclimate at the site of déposition could
radically alter the type and proportion of migrofossils.

A1l in all, the difficulties inherent in interpreting the
floral recofd as revealed by pollen and spore analysis of wells

are manifold. However, with judicious use of paleontologic
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-btechniques, with careful use of prOfessional judgement, and
above all with a strong éenSe of conservatism, conclusions of
value can be drawn. With these reservations in mind, conclu-
sions are drawn as to the probable age of rocks encountered in

the wells.

The interval frem 847 feet te 4,800 feet, beneath"the
Pleistocene and Recent sediments, is characterized by mqstly
dicotyledonous pollen, largely from arboreal plants. The
A~following-genera, although not-always abundant, are character-
istic and.conspieaous:‘ Salix, Alnus, Carpinus, Castanea, Fagus,
,Qusrsua Qarxa, Engelhardtia, Juglans, Pterocarya, Momipltes,
Hlmua Zglkgxa, Tilia and Acer. Representatives of the ‘Pinaceae
such as'Einuﬁ and'Bigga do occur, but enly in minor quantity
‘Several grains of Qedxu§ and Kﬁjelggr;a were found, both coni~-
ferous genera now restricted to the eastern hemlsphere. Qlyptg—
ﬁtrgbnﬁ and Metasequg;a_occurfrarely along with representatives
of the Cuﬁreséaceae.: The_ferﬁ Osmunda is abundant; the only
other spores of importancevbeing several- species of lLaeviga-
Losporites.

Unfortunately, most of the above dicotyledonous pollen
range throughout the entire well section and are of 1ittle value
in dating studies. Indeed, as Chaney (1940) has stated, "few

phylogenetic trends are shown by Tertiary plants, most of whose
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arboreécent genera have survived without change since the
Eocene." As a result, many of the identified plants, espec-

- 1lally at the generic level, are of little value in dating of
the enclosing rocks.. The data derived by counting were plotted
in’variou§ ways, but for the most part did not materially
ﬂfiﬁcréase‘the understanding of microfossil»occurrence. How—
ever, reference to Tabie'B‘indicates 10 palynomorphs which do
appear to have a strong age significance. This chart indicates
the relative pefcentage of microfossil types to the entire
flora. In}this well 1t 1is apparent that Pterocarva, Ulmus-
Zﬁlkgxg, Liguidambaz and Glyptostrobus are restricted to, or

- are at least most abundant, in the upper 4,800 feet.

Attempts to establish an age for this_stratigraphic'séc-
tion involVed two approaches. .The first involved plotting the
ranges of those microfossils which seemed to be restricted to
cerﬁain intervals of the well. The results of this are.shown
in the tabulations on Table B. Thié table was then compargq
with tabulations made by Krutzsch (1957) on the Upper Cretadeous
and Tertiary of central Europe. Relative abundance and ranges
which I derived from well samples tally quite closely with
the Miocene of middle Europe, although there is a possibility
Upper Oligocene may be included.

Next I compared the total flora with those published
floral lists which are considered Tertiary in the circumpacific
belt. The moét significant list from this standpoinf was ?hat

of Sato (1963) whose Miocene floras of Hokkaido (Japan)
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correspond .very closely with those of the Whatcom basin. Com-
parison with Wolfe, et al (1965) from the Oligocene (?) -
‘Miocene of the Cook Inlet area of Alaska also suggests a
Miocene age. Martin and Rouse (1966) interpreted the age of
the flora of the Skonun Formation in the Queen Charlotte
Islands of British Columbia as Upper Miocene and/or possibly
Lower.Pliocene. Generally the Whatcom and Skonun assemblages
are similar, although the Skonun material contains a greater
abundance of the Pihaceae. Finally, comparisons were made with
the Miocene Soocke Formation as described by Coi (1962). Although-:
not espeéially helpful, nothing was found to dontradict earlier
interpretations of a Miocene age. As a result of these compar-
isons, I have here considered this sequence of rocks to be of
probable Miocene zage.

Casual inspection of Table B indicates a marked change in
the number and types of index fossils in the interval from
4,800 to 10,000 feet. Although many of the same anthophytes
and coniferphytes are present, they occur in lower frequency.
More common are the fern spores, including forms which do not
occur farther up the hole, such as.Alela, Apemisg aﬁd Cicatri-

cosisporites. PRistillipollenites, a presumed anthophyte and a
characteristic fossil of the Middle Eocene (Rouse, Hills, and

others) is locally abundant. Platycarys, which in North Amer-
lca appears restricted to the Eocene, is moderately common in
the middle and lower parts of. the section. Jlex, which is

mainly characteristic of the Miocene, is restricted to the
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- upper and middle portions of this section. |

This interval (4,800 - 10,000 feet) was analyzed in- the
same way as the Miocene section. Comparison with Krutzsch
(1957) was not nearlyAso hélpfﬁl as in the Miocene ihterval._
However, there is nothing to suggest an age younger than Eocene.
Upper Cretaceous élements are missing. Comparison with known
coaétal.Eocene flbraé iS-limited'to the'Burrard Formation
(Rouse, 1962)Q_ Thevgenefa1 similarity to the Burrard is high,
as is_fhe similarity to more inland Eocene floras such as that
ofVHills (1965) from the Princeton basin and Wodehouse (1933)
from  the Eoéené Green»River basin of Wyoming.

On the'baéis of these similarities and on the stratigraphic
relétions‘to be discussed later, I here consider this entire
stfatigfaphic_interﬁal‘to;repreéent Middle and Upper Eocene.
o At'abOut'9,6OO feet the quality of samples deteriorates
with'little-or nothing in the way of contained microfossils.

A core of 10,100 feet contains very few microfossils, but its
exact stratigraphic position is known. Only two microfossil:-.
species are pfesent‘and only seVeral.specimens of each were
found. However, these were Gleichenia and Proteacidites, both
of which appear to be restricted ﬁo Upper Cretaceous rocks. 1n
northwestern North America,' Macerations from 10,000 feet td
total depth are not particularly hélpful,-as-they-contain very
few microfossilsQ Occasionally they contain pollen or spores
characteristic of the Miocene or Eocene sequences, but most of

these occurrences are probably the result of caving or
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cOntamination further up the hole. The sporadic occurrence of
Ergteagidites_and Gleichenia is sufficiently diagnostic to con-

sider the sequence below 10,000 feet as Upper Cretaceous.
g {de Wall

ThevSunnyside uell was”analyzed in a similar way to the
Point Roberts well (see Table C).. In overall aspect the pattern
of microfossil distribution is similar to the Point Roberts
well, but inbdetails there aredsome varlations.

Here the base of the Miocene has been placed at the last
occurrence of Angmia and Qigajriggsispgzites Although Hlmus

'Zglkgza, Liquidamhax and_Glyptostrobus are abundant elements in
the. Miocene, they extend down: through most of the Tertiary sec-
tion. .Although one is tempted to consider this largely a result
of'contamination, it is not at all unreasonable, and in fact it
is quite likely, that they would occur in the Eocene. In general,
the microflora of the Miocene is dicotyledonous and identical %o
that described in the Point Roberts well.

From h,900‘feet to 8,950 feet the flora is similar to the
Eocene sequence described in the Point Roberts well. ,Elatygarxa-
is consistently present in small amounts. Again Ilex is'found in
the upper and middle parts of the unit. Anemia is rare; Cica-
txiggsiﬁpgritgs, although present, occurs in much reduced num-
bers. Eiatillipgllgnitga, a characteristic Middle Eocene fossil,

shows maXimum abundance in the same comparable position as in
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the Point Roberts well. Sabal does not appear to be present in
the Eocene rocks In this well. |

. Although I'have amplified this stratigraphic zoning in
' greater detail under paleoecology,:it does not appear amiss to
suggest that these minor floral differences are mainly a result
vof ecological conditions The site of deposition at Point

Robertsnappearsrto have been an ‘area of herbaceous plant and

- . fern growth together with at least one arboreal palm. To the

east near Blaine, vegetation in general was more arboreal, and
presumably somewhat less swampy. These variations in ecological
conditions appear to have persisted throughout the Middle and
Upper Eocene .

Conveniently, if anadvertently, avcore was taken of the
interval 8;938—60 feet. ‘Chips from thisacore'provide & small
microfossil assemblage_fron a known stratigraphic.zone.' The
-upper portion of the core contains what I have considered a
typical Middle Eocene flora, including Lycopodium, Osmunda,
Pinus, Cupressaceae,‘Taxodiaceae, Podocarpus, Salix, Alnus,
and seweral trilete and monolete spores. - The lower five feet
of the core contain-fewer of the above genera, but in addition
contain several specimens-of Gleichenia and Proteacidites which,
as indicated are Upper Cretaceous markers. The 9,000.foot
ditch sample contains a rather exten51ve flora, characterlstic
of zones up. the hole but it also contains Ergteagiﬁ;jgs and

Qleighenia; vIn,addition, a poorly preserved grain which appears
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to be Iriporing was encountered. This particular form has
been‘fouﬁd dnly,in the Lower Paleocene and Upper Cretaceous
rocks of Russia. A core from 10,850 - 10,895 feet had a very
small but characteristic Cretaceous. assemblage, including
Gleichenia, Iriletes solidus, Proteacidites, Extratriporo-
pollenites, Sabal and Brochotriletes. .

Di . £ Well R 1ts.

On the basis of available data, which include ten signi-
ficant'microfossils, plus the:appearance of the overall micro-
fossil»aSsemblage, i haVe.subdivided thé stratigraphic section
in both wells into Miocene, Upper and Middle Eocene and Upper
 Cretaceous. | “ )

"The study of Tertiary palynology has not‘progressed to the
point where it'can.give'absolute answers to the question of age.
In fadt, because of interpretive difficulties, some workers
“have assighedvonly Paleogene or Neogene age to certain floras.
The problem of the Pacific Coast Tertiary is particularly dif-
ficﬁlt-because only enough has been done to be tantalizing.
Several of the Alaskén and B{C; floraévaré not pinned down by
absolute dating, but are themsélves dated by florél similarities
and differences. Receﬁtly MacGinifié (1966), while discussing
Eocene floras of the Middle Rocky Mountains, commented on the
signifidant vegetative variation present in Wyoming floras of
essentially the same age. He added (p. 40) that "such diverse

vegetation types indicateAthat fossil flbras cannot be used as
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- accurate age indicators on the basis of floral coﬁpositidn
alone, uhless a sequence of vegetation types is estébliéhed
for each separate sedimentation basin." Of course in the:Whatf
com basin we have only two control wells, and these canﬁot be
tied into anyASystem.of absolute age datihg. |

Further cdmplications of interpretation are added in that
definite Paieocene; Oligocene, and Pliocene floras have not
‘been.reported in the north Pacific area. In short, we realiy
do not know what the typical microfossil or leaf assemblages
are for these time inter#als. However, interpretation of the
: availabie détaféuggest thét Miocene,.Upper and Middle Eocene
- and Upper Cretaceous rocks are.preéent, and occupy approXi-

mately the stratigraphié intervals'shown on Tables B and C.
Quterops

Kiteil p t1

The Kitsilaho Formation, as mentioned previously, lies
stratigréphically above the Burrard Formation in the northwest
part of the Whatcom basin, where it underlies the city of
Vancouver. Rouse (1962) suggestéd'ﬁhat the Burrard Formation
is most probably Middle: Eocene, which-indicateS‘that the»Kit-
silano is Middle Eocene or youngef. Microfloral study of this
unit was based on samples taken from Kitsilano Beach, and a
series of samples taken from the north-south Highbury sewer |

tunnel on Point Grey (see Figures B and C and Table D). This
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tunnel, which was driven from'Sth and Highbury Streets due
south to Sea Island, penetrated about 1,000 feet of Kitsilano
. Formation dipping 8 to lOO-due south. In the vicinlty of 22nd
and Highbury Streets, the tunnel passed through the Kit31lano
into the overlying Pleistocene outwash and till. !

| There 1s little ihdicetion of a fundamental.change in
either age or envirbnment within the rocks of the Kitsilano
Formation._’As a result, I have consldered the formatioh as ‘a
single.unit; The*microfossii aSsemblage 1s wvery similar to
that oflthe underiying Burrard as described by Rouse (1962).
Some of the.more'important genera are Qsmunda ‘Anemia Cilcatri-
- cosisporites, Lygodium, Pinus, Taxodium, Podocarpus, Salix,
Alnus, .Qa.minus Corylus, Castanea, Fagus, Quercus, Carya,
Ingelhardtia, E_t.emama, Ulmus-Zelkova, Iilia, Myrica, and
LiliaCeee. ~A . variety of fungal spores are also widely rep-
resehted.

Thefe are, however, severalvdistinct and significant
differences in. the mlcrof0351l assemblages of the two units.
sNeither ﬁahal nor Isnga are found in the Kit51lano but occur in
low frequency in the Burrard-Formatlon. However, ﬁahal‘leaves
were round:_in the Kitsilano by Berry (1926). Ilex is absent in
the Burrard; but is eommonly present throughout the Kiﬁsilano,
becoming more abundant stratigraphically upwards. In the strati-
graphically higheSt Kitsilano sample, which is a carbonaceous
shale, Ilex reaehes 27 percent of the total pollen count.
Ela;xgaxﬁa,.while net common, is present in the upper halfhof



the Kitsllano but was nqt reported from the Burrard. Finally,
Pistillipollenites, which locally reaches severél percent -in
the Burrard, 1s not present iﬁ the Kitsilano except for several
grains found in the Kitsilano Beach sample. v
. The fact that Ilex is present suggests éither a short time
break between Burrard and Kitsilano times or the establishment
of Ilex during‘the.early stages of Kitsilano deposition. ZPRlat-
xgazyaiappeérs in the upper part of the Kitsilano, suggesting
“that the piant'migratediinto'the region during Kitsilano time.
Rouse (1962 and personal communication) and Hills (1965) believe
that Eiijillipgllgnijgs is most representativé of the Middlev
Eocene;-but may o¢Cur in oldér'rocks. Tts presence in the
Kitsilano,_in the 1owest‘partvof the formation eiamined, sug-
lgests that étileast the'lowérmoét Kitsilano is_Middle Eocene;
' alfhough,' the possibility of reﬁorking‘mmpgugnim into
the Kitsilano from Burrard rocks undergoing erosion cannot be
discounted. ‘Becéuée of the presencé of Cicatricosisporites and
Elaﬁxganxa I have concluded that the Kitsiléno is no ybunger
than Eocene. | ’ |
Geologic cOnsidéfatiQns also bear .on the age of the Kit-
silano. These were discussed eariier‘buﬁ I will summarize them
here. The.litholdgies of the Burrard and Kitsilano_are similar,
and apparently were formed under the same_depositional envir-
onmént. The two formations are contiguous with ﬁo‘appérent
angular unéonformity of any sort between them, although Johnston

suggests the presence of a disconformity. - Indeed, no clear cut
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formational contact appears between ﬁhem; except for a discon-
 tinuous conglomerate which has been assumed to be a basal con-
glomerate. No real evidence has been preéeﬁted to show that
this has moré regional or témporal”significance than any other
local-donglomeratic lens.

o Thé lack of é-cbnspiCuous break between the formations, -
the 1ithologic and structural similarity, plus the floral
similaritieS‘léad me-to conclude that the Kitsilano is not
really_a distin¢£ ﬁnitfdifferentiated from the Burrard, but
that both represent a 1ong,Continued peribd of locally discon-
tinuous deﬁoSitidn; Perhaps local diastems occur within the
Burrard-Kitsilano, but they are noﬁ of sufficient magnitude to
be called unconformities. If this is so,'the formational names
Burrard and Kitéilaﬁo should be discarded and an all-encompassing
name applied to both. | N

Thé portion considered Kitsilano is intérpreted as repre-
senting the upper part of the Middlé Eocene. Possibly Upper
‘Eocene rocks are included &as well. The Burrard equivalent in
the'Sunnyside We11; as‘inﬁerpfeted by plant microfossils and
stratigraphic relations, is the interval 7,300 to 8,955 feet.
The stratigraphié portion of this well, thought to represent'the
Kitsilano Formétion, is about»4,850 to 7,300 feet (see Table C).

Equivalent intervals in the Point Roberts well are: Bur-
rard, 8,300 to 10,000 feet; Kitsilano about 5,300 to 8,300 feet.
Because of poor sample control in the interval 5,000 to 6,000

feet, the upper7limit of the Kitsilano equivalent 1s uncertain
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but stratigraphic thicknesses suggest it should be.about
5,300 feet (see Table B). o

R o Qutcrop G lation

A number of outcrops. were carefully examined and sampled.
-In addition, the sites. of three abandoned Whatcom County coal
mines were visited No fresh exposures are v151b1e at any of
these mines, but careful selection of shales and coal from the
abandoned dumps were made, and these samples and those from '
outcrops were macerated and.examined. A 'summary of significant
| tabulations is shown in Table D; |

At the_onSetwof this discussion I should say that the
Kanaka Creek samples,. which I worked on for a COnsiderable
‘period of time, have yielded a very limited microflora. Evi-
dently microfossils were once present but have been rendered
unidentifiable by-bacterial'action, by other biochemical
reactions, or.byﬂrock diagenesis The microfossils are ‘largely
fused and appear now to be only amorphous globules of wax., The
few recognizable forms are not age diagnostic. Samples from
Blue’Mountain near Alouette Lake and from Silverdale proved to
be barren of microfossils and'are not discussed further. King
Mountain, north of Bellingham, is made up largely of pebble
conglomerates, but even the thin shale interbeds proved essen-
tially barren and yielded no diagnostic fossils. This parti-

cular outcrop is not considered further here.
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The remaining outcrop samples (locations on Figure D,
microfossil content on Table D) are characterized by a high
concentration of different types of fungal sporee. In this
respect they are more like Kitsilano-Burrard rocks than any
other interval in either well. Most probably this is a func-
tion of environment rather than age.

- On the basis ofvgeOgraphic location and physical attitude,
it has been assumed (Moen, 19623 Miller and Misch, 1963) that
: outcrops'frdm Canadian Sumas Mountain south, and those west.to
Bellingham, are equivalent to either the Burrard or Kitsilano
Formations; Results of this study bear ont this assumption.

With ene exception, there are no typically Cretaceous
 pollen or spores such as Glelchenia or Proteacidites in these
rocks. The One'exception is on American Sunas Mounﬁain where
a thin, shaly lensvinterbedded between massive conglomerates
was sampled.-'This yielded seﬁerallproteaceous grains as well
as other more typical Eocene microfossils. However,'the rocks
themselves suggest vigorous erosionAin tne headwaters, and I
suépect,the proteaceous grains are contaminents‘from the older
rocks. Furthefmore, these rocks are lying with strong‘angularity
on folded, faulted, and eroded rocks of the Chuckanut Formation,
which is considered most likely Paleocene in age. |

Dicotyledonous pollen is present, but is not striking
either in_?ariety or numbers of individuals. Liquidambar and
Glyptostrobus are conspicuous by thelr absence. Ulmus is |

ebsent-from all outcrop samples, except Toad Lake, where it
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reaches .about 4 percent of the total. The absence of a rich
- dicotyledonous flora as described earlier, and the absence of
Ligquidambar and lenﬁgaizghug and the virtual absence of Ulmus
..suggest~theﬁrocks are not as'young as Miocene.

lxon.thevbther hand, Anamig is'present in one outcrop flora,
Cicatricosisporites in'three, Eiaﬁillipgllgﬁiﬁgg in four, and
Platycarya in fouf.' As previouSly indicated, these genéra are
réasonablé indicators of'aniEocene’agé.

Although I believe there is no doubt that all the Tertiary
outéropsvare'stratigraphic equivaiehtS'of the Burrard or Kit-
silano Formations, a finer sﬁbdivision becomes more difficult
and uncertaln, largely because of the similarity of the Burrard
and Kit51lano floras. »

| The Toad Lake outcrop,.the Glen Echo_Coal Mine, the Goshen
Coal Mine,.and probably the'Bellingham Coal Mine appear gener-
ally to be Bufrafd équivalents; None contains Ilex, with the
exception of a few percent in ‘the Bellingham coal sample. Also,
Platycarys is not preSent in any of these sites. With the excep-
tion of the Bellingham Coal Mine, all contain Pistillipollenites.
These characteristics,.whileGadmittedly limited; suggest that
these foﬁr outcrops are equivalent to the Burrard Formation and
to. the Burrard equivalent in the two wellé; Data from the Bell-~
ingham'Coal Mine is sketchy and non-conclusive, but it is close
to and appears stratigréphically contiguous with the sediments
of Toad Lake and the Goshen Coal Mine.‘ However5 the possibility
exists that the Bellingham coal seam mighﬁ actually be Miocene
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in age, although at the present time there is no way>to prove
or disprove the contention.

. Microfossil assemblages from Canadian Sumas Mountain,
the Whatcom Clay Mine, Dale Creek (American Sumas Mountain),
and the Whatcom Quarry, suggest a Kitsilano age. Ilex charac-
«-terizes;two df;the~outcfops,.Elajyga:ya is found in three out-
Crops, Eia&illipﬁllgniigs{is represented by only two grains in
the Dalé Creek (American Sumas Mountaln) assemblage, and 1f
these aré not dontaminents, their presence would suggest this.
section‘is equiValent-to the Kitsilano Beach portion of the
Kitsilano Formation. " However, as mentioned earlier, this might
-be erosional contamination from older rocks. QCicatricosisporites
is abundanf in three of the outcrops, but absent in the proble-
matical Dale.Creék sample. Anemia is abundant in the Canadian
Sumas'Mountain,flora,' From'this evidence, I tentatively consider
'theée four florés as equivalent to the Kitsilano Formation, and
the Kitsilano-equivalent in the two wells.

. The prgceding discussion should not be construed as an
argument for retaining'thé Burrard-Kitsilano subdivision. The
overwhelming floral evidence suggests a close similarity bétween
the two‘units, and the appearance or disappearance of several
genera during a 16vmillion year period~is not unexpected. HQW?
ever, this presence or absence may be useful in suggesting with

what part of the Burrard-Kitsilano sequence one is deaiing.
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PALEOECOLOGICAL INTERPRETATIONS
General

'Ideally, plants are the most sensitive of the terrestrial.
ecological indicators. Animals can roam and move about if
climatic conditions become unfavorable, but plants are rooted
- to one spot and must tolerate'the‘environment in which they
grow; ;Fnrthermore, the tolerance in their environmental
reqnirements is less“thanvfor most animals. Because the most
y-cfitical stage in a plantls entire growth cycle is at germin-
ation, ajchanging environment will allow snrvival of the repro-
ductive propagules‘only if they fall in a favorable site.
Because of this, a changing climate can markedly alter the
flora in comparatively few-years As a consequence, analysis
- of fossil floras should prov1de data on climatic conditions at
‘the time of growth |

And indeed they doj but severalvproblems loom large, one
of which we have mentioned earlier. ' In palynology, as in all
paleontology, a generally accepted truism is:the old saw, "the
present is ‘the key to the past." 1In paleoecologic 1nterpre—
tations one must assume that organisms, whether plant or animal,
reacted to a given environment in much‘the same way as‘their
modern counterparts do. In'other words,van alder or elm would
have had the same ecologiC’requirements in the Miocene as they

do.today. The problem with this assumption 1is that we are not
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really familiar withbthe complete ecological requirements and
- the range of tolerance of most genera‘and species of plants.
This is true :with temperate species, and is even mere so for
tropical and subtropical species. Furthermere, within any'
given.genus the range of variability may (and usually is) high
With each sﬁeeiee reduiring»slightly different conditions.
However, in Virtually ailistudiesrwherelplant microfossils
are used to interpret peleoecology we are not dealing with
natural speciles but only with natﬁral genera. The species of
microfossils or other plant parts are artificial, at least in
rocks older.than'Pliecene, and are_based on various morpholo-
- glecal differences which may or may not have significance in
reflecting natural (or phylogenetic} relationships. In any
evenﬁ, in veryvfew-caSes can they be'equated'to modern speciles.
PalYnologiste usually take the total. range bf'variables.within
| a genus, and utiiize as many genera as_pdssible to interpret
' paleocecology. Hepefﬁlly,’a large microfossil assemblage will
give a qualitative estimate of the climatic conditions at the
site of deposition while the perficular flera was in existehce.

The other problem is whether a given sample is truly rep-
resentative of the extant flora et the time of deposition.
As pointed out previously, differential preservation 1s always
a factor -- some pellen grains survive.bacterial and fungal
attack, oxidation, hydrolysis and rock diagenesis more readily
than others. Furthermore, pollen'and spores are produced in

vastly different quantities in different genera. For example,
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| a.ten year old branch.system}of beech has been estimated to
produce‘28umillion pollen grains per Year, while an equivalent
branch system of pine may produce 350 million grains (Faegri
and Iverson, 1964), Thisbdifferencebwill obviously be reflected
in the‘quantiéies‘of pollen gfainé obtained from méceration of
rock'sampies and‘uéed in slide_cqunts.

Thégmethbd'of pollen diSpersaI also reflects relative
,quantitieé. Wihd‘pollinated speéies (i.e. Eﬂnua) which usually
produce pollen in enormbus quantities, will be abundant in the
fossil.record,'whereas insect pollinated plants (i.e. Acer) pro-
duce relatively»few pollen grains. As a result, Acer may be
vundér-representéd in a microfossil spectrum and its importance
in the assemblage will be under-rated. In the case of Acar,
a‘pollen grain which iévalso easlily destroyed,'the combination
of lpwifeiafive brqductiﬁity‘and;comparative'fragility may
result in its}absencé entirely from the pollen record.

Factors such as these undoubtedly lead to'complicatiOns of
interpretation ahd must'élways be born in mind when arriving at
ecological'conclusioné. Provided enough samples are collected,
both laterallyiand vertically in a formation, a fairly satis-
factory interpretation.of some aspects of ecology should be
| pdssible.' However, whenbuSing well samples which are taken
only at arbitfarily Seiected intervals (in this case 100 feet),
any conclusiohs of.paleoecology must be regérded as tentative
and7cén bé preSented only in geheral qﬁalitaﬁive’terms. "This

'is what I have done in the following section, with brief inter-
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pretations. of the overall floral'picture through time. Refer-
ence can.be made to Table E where generalized statements are
made on both habitet_andvclimatic,requirements of the more

common genera.

| !'interpretation'of Upper Cretaceoue environments are ham-
-.pered by the small,flora‘presentbin well samples of this age.
However, examination of Table E indicates that all the genera -
are either tropioal or subtropioal. Microfossils found in the
Cretaceous rocks, including Qleighenia Bzgtgagidijeﬁ, and
Sabal indicate a troplcal to subtropical climate but with vary—
ing habitats.i A subtropical climate 1s more likely, because as
Brooks (1951) p01nted out, the Late Cretaceous was a time of
world wide cooling. Smiley_(l966) working with Cretaceous
megafloras in the Kuk River area of northern Alaska was able
‘to document a cooling trend‘throughout the later Cretaceous.
Modern.genera of the Proteaceae commonly grow in areas where a
prolonged annﬁal dryveeason occurs. Possibly this was so in
' the‘Cretaceoue because of the variety-and'abUndance of the
Proteaceae during the Late.Cretaceous of‘the Northwest.

Because the Cretaceous rocks are not directly observable
in the wells, little can be sald directly about the depositional
environment which they indicate. However, if they are equivalent
to some part of ‘the Chuckanut Formation, as seems likely, they

would indicate intermittent continental deposition on a large



RANGE AND ECOLOGICAL REQUIREMENTS OF MODERN GENERA
WHICH HAVE BEEN IDENTIFIED FROM THE WHATCOM BASIN

(Modified ‘after Rouse (1962), Hills (1965), with
additlons from Bailey (1949), Lawrence (1951),
W1llis (1955), .Graham (1965), and Smiley (1966) )

TABLE E

.GENUS

. HABITAT AND GEOGRAPHIC RANGE

CLIMATE

Iscetes Moist areas to aquatic, Temperate to
_ , cosmopolitan tropical
nggngdium ~Most are mesophytlc, : Temperate‘to
: ' cosmopolitan - tropical
Osmunda Swamps, shaded moist Temperate to
: : - woodlands, mainly Northern tropical
: Hemlsphere _
Anemia - Wet lowlands and rain- Subtropical to
. - ‘ forests, particularly in tropical
e tropical America
Gleichenia = ' Swamps, shaded moist areas, Tropical
_ » Southern Hemisphere '
Azolla Quiet lake and pond waters Warm temperate
= ' _ to tropical
Ginkgo " Open stands, well-drained Warm temperate,
, ‘ areas, west’ China 40-60" precip-
- : . ’ itation
Cedrus | Dense foreéts, northern Temperate to
_ , Africa, southern Asia subtropical
Keteleeria Dense forests, China Warm temperate
Larix Marshes to woodlands, mainly Cool temperate.
Northern Hemisphere to boreal
Piceas: Moilst éoils,vmainly Northern vCool'temperate,

Hemisphere

generally high
altitude
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TABLE E

swamps, Northern Hemisphere

GENUS HABITAT AND GEOGRAPHIC RANGE CLIMATE
Pinus ‘Swamps to rocky highlands, Variable
' : predominantly dry sites,
- o Northern Hemilsphere '
lenigsirghus ’ vAssociated with evergreen oak Warm temperate
_ - forest, generally moist to to subtropical,
‘ swampy habitats, southeast 50-60" preci-
| o China pitation
' Metasequgia_"" Wet ravines in mountains,
R ‘ central China
'Iaxgdium" _ Swamps and flood plains of Warm temperate
. o . southeastern -United States to subtropical,
' = - and Mexico 50-60" precipi-
. o o tation
Podocarpus Moist woodlands and moun- .=  Warm temperate
‘ tains of the Southern ’ ’
Hemisphere, Caribbean and
South ‘America o ,
Taxis Northern Hemisphere;fmostly Temperate
: . small trees in woodlands»’
Magnoliaceae’ ' Trees and shrubs,vsome lbwarm temperate,
- climbing, cosmopolitan subtropical to
_ ' ~tropical
Liquidambar -~ - Tree, component of oak- Warm temperate
' hickory forest, Northern
HemisphereA
Salix - Damp thickets, swamps, cool | Variable
woods, cosmopolitan
Alnus -Swamps,'wet woods, stream Variable
margins, cosmopolitan
Betula Uplands to bog and wooded Cool temperate
swamp, Northern Hemisphere
Carpinus Upland woodlands to coastal Cool temperate
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TABLE E -
GENUS  HABITAT AND GEOGRAPHIC RANGE CLIMATE
Carylus . Thickets, woodlands, Northern | Temperate
, _ »Hemisphere '
Qastanea Dry woods, thickets, Northern Cool to warm
Hemisphere temperate
Fagus ~Forms homogeneous, Northern Temperate
: - Hemisphere
Queteusiv - Wide range of habitats, Varilable
_ : . - Northern Hemisphere, moun- '
o tains of the tropics.
Carya - ... Variable habitats, China, Cool temperate
A o : southeast Asia, eastern to subtropical
_ | . North America
Engelhardtia  Asia
Juglans ' IWOods:and river terraces, Warm temperate
’ ' . southeastern United States, to subtropical
- South America, southeastern :
Europe, Asia
Blatygarza Japan and-northern China
Eierogarxa- Northern Hemisphere of old ‘Temperate
L world :
Iilia Low slopes and along streams, Temperate
Northern Hemisphere ‘
Acer ‘-Variable habitats, Northern Cool to warm
L Hemisphere ‘ temperate
| Aesculus Woods, bottomlands and stream Temperate
borders and thickets, Northern
- Hemisphere and South America
llex BOgs, moist depressions, Warm temperate
’ cosmopolitan to subtropical
Proteacesae vMostly xerophytic, restricted Most indicate
‘ -to Southern Hemisphere : long annual
dry season
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TABLE E
GENUS "HABITAT AND GEOGRAPHIC RANGE CLIMATE
Myrica '-Variable habitats, cosmopolitan Temperate to
v _ subtroplcal
Sabal VLowlénds, river.bottoms, Subtropical to
: ~ coastal plains, southeastern ‘tropical
- ‘United States, Carlbbean,
, ’COlumbla
: Ixhha S -Marshes, along river banks, Temperate to
' ' — cosmopolitan, except south tropical
R of equator in Africa
Potamogeton Herbaceous in streams and Cool temperate
‘ - - ponds, a few along sea - to subtropical

- margin -
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flood plain with>all its resultant variations iﬁ 1ithology.

Eocene

The Eocene flora is largely cbmposed of genera whose
: modern components are wéfﬁ temperate to.Subtropical. Most of
" the genera, such as Anemia, Taxodium, Salix, Alnus, Ilex, Sabal
- and Ixnha'aré now'charécteristic of a low,vmbist and poorly
drained coastai area.. The presence of‘Azg11a and Potamogeton,
which presenﬁly inhablt ponds and/or lakes, show that bodies
 6£ water existed on thistlowiand. |

Other mibrofOssiis ére,bresent'whibh suggest a more upland
‘habitat. These include.Eiﬁuﬁ,'Eiﬂﬁﬂ, Podocarpus, Carys, Cory-
‘.lluﬁxand-guaxguﬁ} 'How‘far these trees were growing from the i
”sourée'offdeposition:ié uncertain,gbut’their low frequency of
;occurfencé.wouldfsﬁggest it was . some distande away. Rlous,
whose poilen isiproduced’in prolific‘ambunts, is ﬁot a common
microfossilvin‘ény of the Whatéom'basinfrocks.’ Furthermore,
’bladdered’cénifer grains are.se;dom well preserved, are often
'physicallj'bfoken'and almoéﬁ_iﬁQQitably ébrroded. ‘The impli~
‘caﬁion-is'that their habitat was a éohsiderable'distance away,
probably to the rorth, eastb and south but not to the west.
Irahsport to the dépositibnal site was probably largely by
Streams, which accounts for the poor phyéical preservation.
Although we do not know the prevailing wind directions during
the Eocene, 1t was pbrbably southeast to northwest, as at

“present. At the present time, during the fall and winter
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months, the prevalling winds are southeastj; the spring and
 sﬁmmer months are dominated by westerly to northwesterly winds
(Vancouver Weather-Offiée, oral communication). Because the |
'.flowering‘seasdn is dominated by westerly winds there would
be a further'reduCtion in the number of pollen grains that
.Awbuld'moVé westwafd to the site of deposition in the Whatcom
basin. ° | . » |
' The lithologies, insofar as they are visible in the

KifSilaho énd Burfard Formations, as‘well as in other Eocene
B ouﬁcrdpgg.béar-out-this interpretation 6f a lowland environ-
ment. Sands and shalés‘prédominaﬁé,4riVer and stream channels
are common, thin coal seams are present, as afe occasional
cfoss—beds., Togéfher these characteristiés iﬁdicate’the
-eiistence‘of lowlands and swamps. The‘pidture that emerges
is similar to‘that.proposed by‘JOhnston'(1923) of a low, swampy
coastal plain,:spéttéd wifh smalljiakes, ponds and swamps,
and traversed by4géﬁerally_sldw—moving,-meénderiﬁg_streams
floﬁing westWard_aﬁ ﬁnkﬁown distance to their junction with
.the sea. - o |

In summary, the Eocene in the area of the Whatcom basin
appears t¢ havé béén warmer and more humid.than at present,
but probably nof truly subtropical. Highlands must have sur-
rounded the basin of déposition, but relief was far less than
at preSent. Precipitation was probably 50 to 60 inches annu-
ally and was ﬁore'or less uniformly distributed throughout the

. year.
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Miocene
Little canrbe interpreted from the rocks as td the pro-
1bab1evenvir0nment of deposition, as the Miocene rocks are
totally subsurface and weli data are not particularly enlight-
- ening. Apparently, however, conditions similar to those of
the Eocene prevailed, with depOSition on a 1ow, essentially
flat,.gradually subsiding coastal plain.

Availableefloral evidence suggests that the Miocene was
slightly warmer than at present,ﬁwith precipitation more
equably distributed throughout the year. Three definite plant
associations appear to have existed within the region, implying
more topographic.relief,than during the Eocene. |

The abundance of Iaxgdium and Glyptostrobus is an Indica-
tion of large bodies of standing Water in‘a warm temperate to
sUbtropiCal climate; These two generas, fill identical ecological
'niches, but at the present time glyptgatr;hug is restricted to

China whereas Taxodium is found only in the southeastern United
:States and northeastern Mexico. During the Tertiary, both of
these génera-were widespread oVer North America. At present,
these genera reqnire 50 to 60 inches of'precipitation yearly
~and a temperature thatfrarely falls below 32O F. The abundance
of Potamogeton attests to the apparently rather extensive bodies
.of standing water. Iypha and Ilex, both abundant in warm swampy
environments also inhabited these lowlands.

On elightlyihigher uplands, probably on the basin margins,

stood a hardwood forest much like that currently present in
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- the eastern United States and éastern AsiéQ' Typical trees in
this association were Tilia, Eggug, Castanea, Ulmus, Qazpinu§5
Liquidambar, Quercus, and Juglans. Such trees have a modern
distribution in moderately well drained sites where the annual
precipitation is 40 to 60 inches (Chaney, 1940) with both winter
‘and summer réinsQ .

Still farthér“back from fhe basin were more pronounced
’._uplands'thaﬁ éupported'at»léast some coniferous genera, such
as>Einu§'aﬁd'Eigga.’ Abies has not‘been'found in the Mioéene
focks,léo presumably any site of growth during this time wés
well removed from the basin. 'In-modern floras; Ables generally.
grows ‘at a.conSidefably higher elevation than Piceas so probably
no.highlands of‘sufficient height existed to support Abies.

In generél, the'floras of the Miocenevranged from warm
}temperate.aééemblages'to thosé'afislightly higher elevations
Qonsisting of deciduous hardwood trees. Temperate conditions
| must have'existed‘at higher altitudes.' As in the FEocene, pre-
cipitation waé éomewhat‘higher, and<meén low temperatures not
SO extreme'as at present. Generally, Miocene temperatures
appear to be sbmeWhat less than those of.the Eocene. At the
- present time fhe precipitation is concentfated mainly in the
- winter months with a comparatively dry summer. Miocene precip-
itation was probably more equably distributed throughout the

year.
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GEOLOGIC HISTORY

This summary of geologic histofy of the Whatcom basin and
immediate surrbundingS‘is éoncerned only with Late Cretaceous
~and Tertiary histOry,-and hence nO-menfion is made of the
complex and involved Paleozoic and Mesoioic eugebsynclinal
events that préceded the Tertiary. The present review begins
with the depoéition of the Chuckanut Formation of northwestern
VWashihgton. | | »

-Apparently during the:Middle Cretaceous, deformation and
low~grade metamorphism'affectea the entiré area. In Late Cret-
aceéus time subsidenée began again in a long trough which
. extended frdm'Bellinghéh'southeaéf across the site of the Cas~-
cade Mountains, at least as far as Wenatchee, Washington.
 Within thié trough, continental deposition took p1ace, in some
-aréas_to greater thickness bécéﬁse of greater subsidence. Quite
possibly subsidence‘aﬁd deposition took place in the Strait of
" Georgia which is a continuation of this'trdugh. This sequence
of continental rocks is now known as the‘Chuckanut Formation.
The ldwest part of the Chuckanut is perhaps equivalent to the
upper paft of the Nanaimo Grouﬁ of Vancbuver Island, but while
the Nanaimo Gréup contains numerous marine sectiqns, the Chuck-
anut Formation, with the bne exception noted; appears to be
enﬁirely coﬁtinental; |

Deposition appafently céntinued in the elongated northwest-

southeast trough through ﬁart or all of the Paleocene and
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possibly into the Lower Eocene uUntil a maximum local thickness
of 20,000 feet was reached. At this time, thé entire sequence
was defofmed1 As was pointed out in an»earlier section, the
Chuckanut was folded into northwesterly and northeasterly trend-
ing folds, some»tight, some relatively opén. Locally, minor
feverse'féulting.and évefthrusting.hés been observed. |
At least one major fault, called the North Nooksack Fault
| by Moen (1962) and;the'Boulder‘Creek Fault by Millér and Misch
"(1963); has been mapped. Reportedly its displacement is~ét
least 5,000 feet and ﬁust,either terminate or post date defor-
' mation because Chuckanut‘folds~have‘been'displaced. This normal
fault strikes essentially east-west with the south block down,
_and disappears'beneath.thé Middle Eocene rocks without any
evidence of offset or.displacement.v Evidenﬁly-thefe has‘been
no movement on thisvfault since the Middle Eoéene.
The historical interpfetation‘of'what followed Chuckanut

. deformation is cldudy and difficult to interpfet in detail.
Basically'ﬁhere 1s no doubt that the Whatcom‘basin is a distinct
entity -- Well-aata and outcrop information are incontrovertible.
But the question is: how did the basin form, and when. Several
| interprétations are possible. |
Middle Eocene rocks crop out in a discontinuous band
. around the entire basin. They are all clastic, with the excep-
- tion of several small and local residual deposits. All dip into
. the basin énd-com§arab1e Middle Eocene rocks are found in all the

basin wells which penetrate deeply enough. In fact, Miller
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(in Miller and Misch, 1963) considered all the Tertiary rocks
Lto<be~Eocene, including those which I have interpreted as
‘Miocene. How extensive the Eocene ‘deposits were originally
“is a;question’that cgnnot be given a definitive answer. How-
ever, they were probably never much more extensive ﬁhan at
- present, because rémnants arevnot found far outside the basin
margin. ‘Furthermdrg, at American Sumas Mountain, the Eocene
is representedvby a thick sequence of coafse conglomerates
that suggest a nearby source. Component boulders are COmpoéed
fof rock types that_cduld haVé.béen'derived from active erosion
- of the area“now compfising'the northern Cascades.
‘A - Evidently, differential erosion of the Chuckanut Formation
did take place prior to the formation'of the Whatcom basin
.becauée-Paleocene rocks are not recognized in the two deep
wells. Griggsv(l965j,has COnéidefed the Chuckanut Drive
'éequence,of rocké'as-méinly Paleocené5 but nothing comparable
to his flofé 6céurs.in.the wells. However; aé I earlier
remarked, we do not really know what Paleocene‘in this area
~ should lobk like, or whether the Chuckanut is truly Paleocene.
- Even if it is,vit may not be the age of the lowermost Chuck-
anut, which as I.have suggested'éarlier may be Upper Cretaceous.
Also, a possibility exists that Paleocene rocks were not depos-
~ited on the site of the Whatcom basin, and that all that is
~equivalent to the Chuckanut, is Upper Cretaceous. Our inter-
. pretatibns here are confused-by the fact the stratigraphy and

 paleobotany of the Chuckanut Formation is not known.
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Evidently during the Middle Eocene, the Whatcom basin
gradually“sqbéidéd, accompanied by continual deposition of
flood-plainAand doastal4plain deposits. That subsidence never
outstripped deposition is suggested by the absence of marine
* units which would have 'resultéd had the sea transgressed the
region. ‘Eocene focké-afe‘not‘known on the east side of Van}
couvér_Isiand,'hence‘they‘preéumably wedge out westward be-
neath the waters 6f‘the:Strait'of Georgia.  Presumably also,
the Strait of Georgia, ‘at. least west -of the Whatcom basin,
but not as fér west as:Vancouver Islaﬁd; was a subsiding area.
| Source areas er the Eocene sediments_werevapparently
highlands occup&ing the sites of the Cbast Mountains and the
Cascade Range. As indicated‘in_earlier discussions, the floral
evidence'Suggésts much loWer highlands than aﬁ present, prob-
ably not much mdré than lbwihills. Locally,'to the east, more
vigorous uplift must have occurred to provide a source for
‘the'cénglomerates;
| Near*the end of the Eocéne, ar earliest OIigocene, depo-
sitibn épparently came to an end; -Quite probably, relief over
the entire area was very low at this time with neither uplift
nor sﬁbsidence taking_pléce. " The upper surface of the Eocene
; waé near grade and probably.little.mofe-than local reworking
of the uppermdst Eocene fook place. |
By the Miocene, orogenic activity had become prbnounced
- over most of what is now.western Washington and Oregon. In

the area of western Washington, a series of pronounced north-
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-westfsoutheast upwarps developed with the formatlon of a number
of closed basins (Snaveiy, et al, 1963). The Whatcom basin
became one of these closed areas agaln, on the north slope
of an-uplift centered'south of Bellingnam and passing'through
the San Juan Islands and presumably‘ontoHVancouver Island.
Upiift WaSTprobably mild in this particular area with the
highlands subdued and-shOWing'none of the high.relief charac-~
teristic of the regilon. today.‘ Probably, however, Yelief was
considerably more than during‘the Eocene.
_ Gradual subsidence in the center of the Whatcoh basin
~ during part or. all of the Miocene again resulted in infilling
.by continental sediments. Subsidence was more restricted and
was not as extensive as during the Eocene. By the end of the
Miocene, relief was again low and more stable conditions
resumed with little subsidence or uplift. By Late Pliocene
and Pleistocene the .north-south Cascade Mountain uplift began
- with the resulting'incision by drainage and. with abundant
clastic material carried westward to the Strait of Georgia.
Pleistocene gla01ation resulted in mantling much of the
region’with’outwash and till, covering all the lowlands except
the post- Pleistocene deltas of the Fraser, Nooksack, Skagit
and other rivers. » ,‘
One additional point is the interesting topographic
. relations present at~the'south end of the basin. The Chucka-
| nut Formation is topographically-high south of Bellingham,

locally reaching elevations in excess of 2,000 feet. The
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- Eocene rocks cropping out north of the Chuckanut Highlands are

dipping steeply into the basin, more steeply than one would

~expect -if it were simply an onlap relation.

Recentiy; intensive seismic investigations have been con-

ducted in the'Strait of Georgia ffomAwest of Vancouver to the

'-area'ndrth of Oféas Island. Préliminary.results of this work

. have indicated a very’largé and significant'seismic discontin-

- ulty eXtending'southeast'along the soﬁfhwest side of the Strait
of Georgia off the eastern coast of the Gulf Islands (Dr. J.
Murray, bral coﬁmﬁniéation). This diécontinuity is indicated

on the generalized Geologic Map (Figure D, in pdcket). North

of Saturna Island.thé discontinuity'swings to a more easterly

bearing, passing well north of Orcas Island. Unfortunately,

~control is not extended beyond this point although ultimately

additional work.is planned. However, if one continues the

projection of this discontinuity, it passes into the vegeta-

‘tively covered area between the Chuckanut Formation and the

Eocene rocks in the vicinity of Bellingham. It must be admitted

~ that as far as I am aware there is no surface manifestation of

~ this discontinuity on the mainland.

However, Dr. Murray believes that quite probably this dis-—

: continuity is a major-faulﬁ, although the aéhse of movement is

not clear. Preliminary examinations of the seismic profiles,

however, suggeét that this is a normal fault with the down

. 'block to the northeast and east. If this is so, and if this

"fault" continues eastward into the mainland of Washington, it
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may account for the topographically high position of the Chuck-
anut Formation} It would also explain by*drag the very steep

| dips- which characterize the Eocene rocks at the south end of

[

the‘basin;
uvgBecause.this'discontinuityfaffects the sea floor in the
f’Strait“of.Georgia;_it.would'appearvto be a moderately recent
- feature, perhaps Pliooene or Pleistocene and in some way assor
| clated with the Cascade Mountain uplift.
Because the seismic data have hot been completely eval-
| uated;,andfbecause much‘work remains to be done, 1t would be
unwarrented‘to sbeculate further. However, the potential sig?
f nificance of this discontinuity to explain the structural rela-
: tions of Tertiary and Cretaceous rocks in this region should
. be born in mind. | | | |
,Much'remaihsfto'be done before.a'more-complete understanding
of the Tertiary geologic history of northWestern Washington and
"southweStern British Columbia is achieved. I hope that in a
f small way the results of this investigation have contributed to

the ultimate understanding of this history

PALYNOLOGY
In the early stages of the ilnvestigation I found that the

; most productive rock samples, in terms of plant microfossil

j content, were fine-grained clastic rocks of clay size, and
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carbonaceous sediments, especially coal. In almost all cases,
.. siltstones or sandstones yieldedlhd microfossilsy if they‘were
ever presént, physical damage or corrosion made them unrecog-
nizablé. As é general rule; the depositional enﬁironment of
sand is one of COhsiderable_turbulence which almost certainly
"_fesulted inAphysical abrasion, destruction, or washing out of
-any contained'microfossils. Furthermore, the highervpermea-
bilityvof saﬁdstones,»as contrasted with shales, would»likely
have permitted the entrance of atmospheric oxygen into the
sands;fWith the concomitant growth of destructive‘fungi and
bacteria. 'Althoﬁgh‘a number of silty and sandy shale samples
| were macerated, virtually all of the material on which floral
conclusions ére based was derived from shales and coals.

The sampiing,pr6cedure was>simple; with short channel
sémples;taken from shales and coais within the roqk units.
Withvcafeful sampling'at'Kitsilano Eeach‘and through'the.north—
south Highbury Tunnel, stratigraphically located samples were
taken thréugh a partial stratigraphic segtion of the Kitsilano
Formation. ,With_thé Huntington Formétion and_Terfiary contin-
ental sediméntary rocks,'cdlleéting_on,a complete stratigraphic
basis»was not possible because of the;narrow width of outérop,
and the paudity of satisfactory fodsil-bearing zones. Mostly
ditch, but some core samples were used from the various wells
examined. | |

The méceratiqn.procedure was essentially the same for all

samples, with minor modifications to sult specific cases.
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Approx;mately six grams of éample were selected and crushed
; until the maXimum particle size was about 3 mm. The crushed
sample_was placed in 50 percent_hYdrochloric acid for about
24 hours to remove ény carbonate préSent. Ail of the samples'
contained SOmé carbonates; some of the shales were actually
 calcareous shales.
FoiloWiﬁg HCl treatment, the sample was thoroughly washed
: in tap water, then}placed in SO‘percent hydrofluoric acid to
; remove the silica. With occasional agitation the time required
in HF'ranged(from-Zh‘to 72 hours. Following this treatment,
ithe sample waS'thoroughiy washed and examined under the micro-
iscope.' Onvdccasion the microfossils were clear at thils point
and no further.treatmentvwés neceSsary. Usually, however, the
miprofoséils Were<cQéted wlth a carbonaceous film which had to
be removed before ﬁhey couldvbe mountéd on slides.
To remove the Qarbonacédus film the residue was immersed
'in'3O percent nitric acid.for periods ranging from 3 to 24
- hours. Aé the éarbon gradually oxidized the carbonaceous mat-
erial turned réd andltransparent.' At this point the sample.
was washed_invwaterg'then'immersed‘in a 5 percent solution of
potassium'carbonate. This effectively removed the red film and
left the microfossils clear and ready for staining.

Océasidnal sampleS‘were_encountered in which the Earbon—
~aceous film was especially thick and tenacioﬁs. Originaily
an attempt was made to oxldize this using Schultzes solution

(nitric acid, potassium chlorate and water). This solution is
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‘attery strong and rapid oxidizihg reagent;.thus'it 1s difficult
to use without excessive-oxidation and eventual loss of the
entire microfloral assemblage. I found it:more'satisfactory
- and less damaging to utilize several treatments with relatively
“weak nitric acid alternated with treatmeﬁt wlth potassium car-
bonate; | | | |

'FOllOWing-imhersion in potassium carbonate, regardless of
Qhéther.theloxidation_treatment was applied once or several
tiﬁes, thé”samplénwas thoroughly washed. A solution of
-safrénin dye in water was.appliéd and the sample allowed to
stand for several minutes. This wés followed by a rihse in
~alcohol td absorb any remaining water. . Finally, the samples
_wére.stained in a safranin dye-alcohol solution and. permanently
‘mounted on glasé slides-withbGelva plastic dissolved'in'dioxane.

During thé course of this project I macerated nearly 200
rock sémples,‘althdugh only ébout 140 of these contained suit-
1able microfossils for permanent slide mounts. For each of the
140 samples, 3 to 6 slides were prepared, depending upon the
.microfossil'coﬁcentration. Threé hundred and twenty slides
were obtained from the well samples,'each from a different
horizon. The vélue of these varied widely, some being comple-
tely barren, others bearing a rich microfloral assemblage.
An attempt was made to count at least 200 grains per slide,

:occaéionally more than this. However, at times fewer than 200
were counted per preparation, simply because of the low concen-

-tration of grains on the slide.



Examination and counting of the microfossils was done
with a Leitz Ortholux research microscope eduipped with an
Zautomatic Leitz Orthomat camera. The film used was Ilford
]Pan-F,,processed in‘ACUfine fine-grained developer. Enlarge-
- ments were made on Kodak_Kodébromide paper using Kodak Dektol

'deveIOper.

. As éﬁery‘palynologist knows, the dlassificatioh and
description of:planf microfossils is in a chaotic state with
no uniformFSystem acceptable to all workers. There are, however,
twé_brdad*schémes in use, éach'with.its adﬁantages and disad-
.véntages;: | v | | |
. - The first, originally championed by Potonié'and other
':Europeéh-palyndlogists,'is a classification based on pollen
'and spore mOTphology. Hefebgrains are assigned to distinctive
groups on the basis df siie, number and.nature of pores, col-
‘paé and laesﬁrée; and on the nature of sculpturing, i.e. warty,
'smooth, spiny,.etc; “This5 of course,vdoes not consider any
botanical affiliation, and of conse@uence is of limited value
in paleoecological interpretation. It is, however, a compar-
“atively easy‘system to use and may provide useful information
dn correlafion'and age of various‘roék units. vThis so~called

‘"artificial classification" is much in use by o0il company paly-
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‘nological laboratories in thelr correlation and dating stﬁdies.

The second broad system of classification is the so-called
"natural classification." Here the palynologist makes a deter-

mined eifprt to assign pollen grains to existing natural plant

'groups Wherever possible. This procedure is only possible with

Upper Cretaceous and Tertiary microfossils because during this

E-perlod of time many of the extant plant genera made their first

appearance. Throughout the Tertlary the floras of the world

;were taking on an ever more modern aspect, with most, if not

~all, of the modern genera appearing before the end of the

vPliocehe. By comparison with both the literature and modern

reference material, many Tertiary pollen and spores can be

‘assigned to modern'gehera. Species are a more difficult prob-

. lem, and”fcr the most part are created on the basis of minor
tmcrpholcgical-variations wilthin grains of the established

'genus.-AThese may or may~not represent true species in the

botanical sense. Some palynologists have assigned modern spec-

-ifie names to microfossils as old as Miocene (e.g. Macko, 1957;

19595 1963), but this I consider to be misleading and incorrect
procedure for several reasons. In the first place, 1t seems

unlikely that a species would survive for 25 or more millions

.of years without change, especially during the Tertlary with
~its world wide climatic changes and constant tectonic instabil-

"ity. In the second place, pollen grains are seldom so perfectly

preserved that they can be compared in every respect with modern

material. In late Pliocene or Pleistocene rocks, perhaps the
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.assignment of modern specific names has value, but I believe
fthat in roéks older than Pliocene‘this'is not valid. For rocks
‘older than .Upper Cretaceous, identification is wvery tenﬁous,
assignment to modern genera is'usually nbt pdssible, and the
usage of an."artificial system" bécomes mandatory.

In this.work I have‘elected to use'the system which is
most commonly applied by Tertiary palynologists,:i.e. a com-
bination‘of these two broad systems. This involves identifi-
catioh to a hatufal genus wherévef possible, and in some cases
ﬂassignment to a form Sbecies in that genus. Héwever, I have
generally bgen conServative in my approach to subdividing a
.genus' into species. It has often been the practice in paleornr
toiogy to subdivide, or to split into ever smaller units, often
on dubiousAgrounds.b If, withiﬁ a gilven genus theré are two
or more forms which are clear cut, distinct, and easily recog-
ﬁized, a subdivision'into.form—speciés is more‘useftl in strat-
igraphic studies. If, however, as appears to be more often
the case,‘squiviSions are based on end products- showing inter-
' gradations of form or on indefiﬁitevand vague'criteria, little
‘but qonfusion results and comparison between microfo%sil assem~
blages becomes difficult. Besides, this leads to unhecessary
{and meaningless proliferation of species names. As a result,
'if I have erred it is on the side of conservatism, or as it is
sometimés called, "lumping."

For grains which cannot be assigned to modern genera I

have used the form generic names which have been assigned by
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-.;variouS-bthEr investigators. At times,AI have suggested pos-
- 8ible or probable botanical affiliations, but this is only an
- opinion and in some cases cannot be completely substantiated.
| Because of the Variation in application and definition
-of various textural and sculpturing terms, I have followéa
closely thé3 terminology suggested by Faegri and Iverson (1964).
"This is nof]to suggeSt‘I feel thelr definitions are always the
best, but it does provide some sdrt‘of consistency to the
descriptions. |
In thevfollowing section I have described approximately

llOO palynomorphs from the Whatcom basiﬁ whose occurrence ranges
-from abundant in neérly all samples to very rare in one sample.
The hatufal classification I have employed is‘the phylogenetic
system as outlined in Scagel, et al (1965).

DIVISION EUMYCOTA
CLASS FUNGI IMPERFECTI
Dla.dQﬁ.DQLi.Iﬁ.Sl sp.
Pl. 1 Fig. 1
DIAGNOSIS: Spores biloculér, 35 to 7¥/¢ long, elliptical,
;aperature'chaiacteristics questionable but apical and presum- -
ably circular, central septum simple and 2-3« thick. Wall
psilate.
REMARKS: This fungal spore most closely resembles D.
ﬁllipsns Clark 1965, but is not definitely aSsignedﬁto that

species because of its somewhat larger size and because the

!
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. aperature characteristics are not Qlear.

Similar fungal spores have been reported in Upper Creta-
ceoué,'Eocene,_and Pliocene beds. As suggested.by'Mértin and
Rouse (1966) the spores are pfobably telispores of a rust.

‘OCCURRENCE: These spéres were found in low-frequency in
several Kitsilano.samplés and-in.samples from the Sumas Clay

‘Mine.

Dyadosporites, sp.
N 'Pl. 1 Figs. 2-3
: DIAGNOSIS:' Spores elliptical, biboraté, and.bicéllular,

size 55 to 7§p¢'. Poreé large, circular, Slightly aspidate,
some.sub-wail thickening. .Largé thickened septum‘through
‘'middle of grain, apparently dividing grain into two cells, each
»with_én apicél pore. 1Wall thick (ca. 24 ) and heavy.A |

| REMARKS: This grain is referred to the genus Dyadosporites
as Tedefined by Clark, 1965. It differs from Dyadosporites, sp.
in having a heavier and less well defined septum as well as
 1arger‘and more.distinct aplcal pores.
| OCCURRENCE:4VThese spores wére found in low frequency in

several Kitsiiano'Samples and from the Sumas Clay Mine.

Pluricellaesporites psilatus Clark 1965
Pl. 1 Figs. 4-6
. DIAGNOSIS: Uniseriate fungal spores with individuals con-

sisting of several to many cells. ' The width varies from 12 %o
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; 25;@ and the length may.be in excess of 100« , depending upon
thé number of component cells, length of individual cells 6 to
C12u . A 0.5 to 1.0 aﬁérature oécurs in each septum. Thick-
enings.oﬁ one side of thé_septum appear as adﬁacent triangles.
“with the aperature occurring betﬁeen them. Cell walls psilate.
‘xREMARKS: Tbese,spores are identical in all respects to
those{déécribed by Clark (1965). They are particularly common
in many Early Tertiary'horiZOns of Arctic and western Canada
and of northWésﬁefn Washington State.
| OCCURRENCE(-’These fungal spores are very.abundant in all.
»the KitSi1anQ samples examined. They occur in lesser frequency
in all the outcrop'samples from the Whatcom basin. A cursory
'examination of'samples from the Eocene and Oligocene rocks of
‘the Olympic Peninsula of Washington State indicate they are also

‘present. there.:

- Pluricellaesporites sp.
Pi. 1 Fig. 7

DIAGNOSIS: Spores 35 to 50« long with a lengthawidth
ratio of about'z:l; aré multicellular, usually with three per-
forate cross walls. There is a suggestion of a pore at either
Eend;‘but ruptured ends leave this undleér. The cross walls are
‘triangular'and are 1 to 3w thick. |

REMARKS: The pattern of thickened septa, which appear

,triangular, suggests strongly that this particular fungal spore

jshould be -assigned to the genus Pluricellaesporites. Possibly
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this form.ié identical to P. psilatus but is a more mature
,‘form, developed by constriction at every fourth céll. However,
?these_formsAalways.have four cells separated by three septay
furthermore, no intermediate stages were recogniéed. Conse~
quently, assignment to a separate species is tentaﬁive.
~ OCCURRENCE: This spécies'occurS'in low frequency in all

the coal samples from the south end of the Whatcom basin. It
‘was not encountefed'in any well samples and was probably a

fungus restricted to a local swamp~forming environment.

JFungal Hyphae
Pl. 1 Fig. 8
| 'DIAGNCSIS:"Segmented andvgermihating fungal hyphaé, over-
all length 1504 , average thickness of hypha is 7¢¢ .
| REMARKS: “Although of no known diagnosfic value this is
a common fossil infthe‘KitSilaho Formation. Of particular
interest are the,young,budding hypha énd widely spaced and per-
.forate septé shown on Platé'l, Figure 8.
OCCURRENCE : fUngal hypha are pafticularly abundant in
:the'Kifsiiéno’Formation but are also present in other outcrop

samples, as well as various well samples.

1
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DIVISION LYCOPODOPHYTA
ORDER ISOETALES?
FAMILY ISOETACEAE?
Isoetes? sp. |
» . Pl. 1 Figs. 9-10
DIAGNOSIS: Small (17 to 23 s ) monolete spore (or
pbllen?);_ Characteristically}the laesura extends about two/
' thirds length.of gfain, in‘some gaping slightly, in others
;tightly closed. Sculpture scabrate.
REMARKSQ- Aséignmeht of this microfossil to Isoetes micro-
_spores remains tentative, but it closely resembles thevillustra—.
tions and descriptions given by Erdtmanv(19h3).‘ |
OCCURRENCEi-.This is an.élmost‘always present but never
:abuhdant ﬁicrofoésil_from'both the Sunnyside and Point Roberts
:wells. It is especiélly abundant iﬁ thé Miocene section, but
~occurs also in the Eocene section. A few grains were also iden-

tified in the Kitsilano samples fromvthe Highbury tunnel.

ORDER LYCOPODIALES
FAMILY LYCOPODIACEAE
1 ldngpgdium annotiniodes Martin and Rouse 1966
Pl.'1l Fig. 11
DIAGNOSIS: Trilete spore, 30 td 35/L ,. with moderately
distinct laesurae feaching from pole to equator. Sub-circular
in polar view, distal sﬁrface'and near equatorial area of prox-

imal‘surfaée covered with a reticulum of narrow muri and wide
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lumina. Reticulum 4 to‘Q;b between muri, muri up to %/4 high.
-Exine thin.

REMARKS: These specimens are ldentlcal with those found
by Martin andCRouse (1966) from the Miocene of.Pliocene Skonun
~ Formation of the Queen Charlotte Islands, British Columbia.

; Thelr extremely thin exine makes them rather inconspicuous and
difficult to photdgraph.

»4 OCCURRENCE: iangggdium is not commoﬁ'but occurs in the |
Sunnyside well in_both'Miocene and Eodene rocks. It was not
found in thefpéint-Roberts well, and with the exception of
several épecimens iﬁ'the Kitsilano'samples, it was not found in

- outcrop samples. -

DIVISION PTEROPHYTA
'ORDER FILICALES
- FAMILY OSMUNDACEAE
Osmunda regalites Martin and Rouse 1966
| ' PL. 2 Fig. 12
DIAGNOSIS: "Trilete spores, spherical in outline;,‘Lae-
-suraé simple, usually gaping slightly, and ranging from 18 to
‘2%/0 in length. A thin but distinct margo borders the commis-
~sure. The wall 1s about L« thick and appears to be rigid, as
:little folding has been observed. The ornamentation is charac-
teristically rugulate wiﬁh the rugulae short andbthick, and
-packed close together. vIndividuallrugulae range to %;0 in
length but rarely exceed 0.54 in height." (Martin and Rouse,
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11966) | |

_ OCCURRENCE: ThisC$articular'species appears throﬁghout
:all<the rocks ofCthe Whatcom bésin but 1s most abundant in the

Kitsilano Formatlon.

- Osmunda irregulites Martin and Rouse 1966
- Pl 2 Figs. 13-+ |
| ADIAGNOSIS:' "Trilete spores, sub-circular in outline but
usually folded'of‘split'open; Laesurae distinct, with a thin
margo, and measuring about 17 to 2%/0 in length. The ornamen-
tation consists»of bacula 1.5 to 2.5 long, 0.5 to 24« wide
“and spaced 1 to‘QZL épart.'-The béculafare usually straight,
‘occasiOnally clavate. Théré are no rugulaté thickeﬁings sub-
~tending the bacuia. The most diagnostié-feéture is the com-
lplete'irregularity of the width ofgihe'bacula; delicate slender
'bacula aré randbmly”mixed with Stdut;”stump—like bacula, and
with all grades inbetween. Size range: 41 to 5240 " (Martin
“and Rouée, 1966)
OCCURRENCE: These are not common microfossils in the

Whatcom basin. Only about ten specimens were encountered, and
Cthese were restrictedvto'the continental Tertiary rock outcrops

- In Washington State. However, see remarks under QOsmunda, sp.

Qsmunda. sp.

Pl. 2 Figs. 15-17

DIAGNOSIS: Trilete spores showing considerable variation
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| in shape. Trilete mark usually not distinct, but laesurae
extend to .equator. Ornamentation varies slightly from defin-
itely baculate to weakly vermicula-baculate; baculae closely

' spaced, ranging from 1 to %/L in height. The wall is compara-
tively thin which probably accounts for the wide variation in
shape which ranges from prolate po Spherical to irregular.

'Observed'Size range is 42 tc'égpc . |

| REMARKS:  These mic¢rofossils differ from Q. irregulites
in the smaller_ahd more.densely packed baculae. Generally this

-,spore‘appears'ﬁefy much‘likerspores of the modern Q. claytonia.

':CCCURRENCE- ‘This particular form was comparatively abun~‘
dant in all the well samples, in the Kitsilano Formatlon, and

to a lesser extent in the outcrop samples.

Osmunda, sp.
~ Pl. 2 Figs. 18-20

DIAGNOSIS: Sub-spherical, echinate, trilete spore,
‘laesurae sharp and'distinct, fapering to a point at the equator;
wall thih; covered with short spines less than 14 high which
‘are widely spaced over the entiretsurface. Size range 45 to
S5 - | | o

~REMARKS: This form differs from Qsmundal sp. in having
Tmuch'more widely spaced projections. Furthermore, the orna-
mentation appears to be much more spiﬁy than 1s characteristic

of the three preceding species. Occasional blunt baculae are

Jobserved but on the whole the ornamentation is echinate.
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Althbugh}foﬁr different species of ngunda‘are described
‘here, these are in reality probably end products of what is a
continuum. Attempts to counf Osmunda were continually frus-
tratednby»uncértainty as to which bf the fbur groups the par-
-ticular species should be assigned. I feel that at this time
it would be unwise td assume these grains represent four d4if-
‘ferent natural species. _All_that can be saild with certainty
is that QOsmunda wés a'comﬁon genustf fern throughout the
Eocene and Miocene.

OCCURRENCE: This is never a common microfossil, but occurs
Czthroughout.Mioéene and.EOcene rocks in the Sunnyside and Point:
Roberts wélls.C-A,feW grains1were also found in the Kitsilano

‘Formation.

o ‘FAMiLY SCHIZACEAE
Apemia poolensis Chandler 1955
Pl. 3 Figs. 21-23

DIAGNOSIS: These trilete spores are lidentical in all
-respects to those described by Chandler. The size range is
34 to 584 withvthe majority approximately 52 Lt .

REMARKS: These speéimens are identical to those described
by Rouse (1962) from the Burrard Formation and by Hills (1965)
.from the MiddleAEocene strata of interior British Columbié{
| OCCURRENCE: This is a particularly common spore in the
Kitsilano Formation. 1In much.reduced numbers 1t is present in

the Eocene of the Sunnyside and Point Roberts wells. It was
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.Qis:aimmais.mit.es intersectus Rouse '1962
Pl. 3 Figs. 24-27

DIAGNOSIS: "Trilete‘spore, with two sets of parallel
~ribs on the spore wall:  the distal ribs are alligned in one
:direction, and the proximal-ribs are oriented approximately
90° to the distal set. The proximal ribs encircle the equator
ahd runtobliquely'aCTOSS'the~proxima1 pole. Distance between -
ribs ca. 2;5/1'. SiZe range 50 to 654 ." (Rouse, 1962) o

Specimensffrom the»Whatcom basin are identical to those1
described by Rouse, although a few specimens ranged down to
4@/4 in diameter.

REMARKS Rouse has suggested (1962) that spores of Cica--
jxiggﬁispgxites_1ntgxs§gtusfare more closely allied to those of
the modern.genus‘Mthia:than to Anemia. However, overlap of
the characters'precludes classification of the generic alliance
at this tlme |

Qigaix;ggsisngz;tes has not been found to date in the
“Middle Eocene‘beds from the-lnterlor ovarltish Columbla. Appar-
‘ently it is an Eocene form restricted to- the ooastal lowlands.

~ OCCURRENCE: ‘" This is a very common microfossil in the
Kitsilano Formation, occasionally occurring in high frequency.
It wasualso encountered in lower frequency in the Eocene sec-
tions of both the Point Roberts ahd Sunnyside wells. Several

grains were found in the Sumas Clay Mine and the Whatcom Quarry.
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Lygodium reticulosporites Rouse 1962
PL, 4+ Fig. 28

DIAGNOSIS: The. grains of this species agree with those
desqribed'by Rouse (1962) with an obser#ed size range of 55
to 704 . |

REMARKS: Rouse comments (1962, p.197) that "spores of
this species resemble those of the living Lygodium Jjaponicum
Swartz and L. kerstenil Kuhn very closely."

OCCURRENCE: Lygodium, while never abundant, occurs in all
the Kitsilanq'samples examined. Only a féw grains were found

in the Eocene rocks in the Point Roberts well.

'FAMILY GLEICHENIACEAE
- Gleichenia sp.
Pl. 4+ Figs. 29-30

DIAGNOSIS: Sharply triangular, laevigate, trilete spores
25 to 3Q/u,in diameter. Rounded corners, weakly to strongly
concave interradial areas. Wall thickens near poles in areas
between laesurae; the:thickenings extend toward the angles so
that theﬁtriiete'mark is enclosed by thickenings.

REMARKS: Very few forms were found and I could not, with
confidence, place them in an established species. Gleichenia
appears restricted, at least in North America, to uppermost
Cretaceoué or Paleocene and older rocks.

OCCURRENCE: Gleichenia is a rare microfossil and is found

only in very low frequency in the Upper Cretaceous rocks of the
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Sunnyside and Point Roberts wells.

o FAMILY POLYPODIACEAE
Laevigatosporites discordatus Thompson and Pflug 1953
| Pl. 4 Figs. 31-32
‘DIAGNOSIS: Spores generally bean-shaped; monolete,
- laesurae short,»wall 1aevigate,'although some appear to be
nearly.circulér.r Size fangé: 40 to 804 .
~ REMARKS: Rouse'(l962) states "the closest affiliation
appears to be with-D:xgnﬁ321§5 particularly D. latifons."
. OCCURRENCE: This is a moderately common microfossil in
all the Eocéné-ahd Miocene'rocks, It is especially abundant

in the Kitéilano Formation

Laaxigaigsnnn;tas albertensis Rouse 1962
Pl. 4+ Fig. 33

DIAGNOSIS: Kidney—shaped, monolete spores with a weakly
' defined suﬁure, always occurring along the concaﬁe crest.
-anamentafion Weékly punctuate (Rouse, 1962). Size range: 32
to 3@/0 - |
| REMARKS:' Rouse (1962) described thls specimen from the
Burrard Formation, suggesting that it is most likely related to
‘Dryopteris of Asplenites, both of which have been reported as
‘leaves in the Burrard. _

OCCURRENCE: This is an uncommon microfossil found only

'sporadically in the Kitsilano Formation. Several grains were
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-found in the upper part of the Eocene sequence in the Point

Roberts well.

Laevigatosporites ovatus Wilson and Webster 1946
o | Not Illustrated
-v'hiAGNOSIS: .Mdnolete; bean—shaped»spores, length 33 to-
37u , smooth wall;ﬁsimple-monolete:suture. .
‘REMARKS:V’Théserorms are identical to those described
by Wilson and Webster (1946). |
| ' OCCURRENCE: :This is a commoﬁ microfossil throughout the

'Eocene and Miocene rocks.

LﬁgxigaﬁQSQQ:iLgs gracilis Wilson and Webster 1946
o  Not Illustrated |
DIAGNOSIS: Beanfshaped monolete spores,vlaevigate;lsimple
" monolete suture‘on ¢oncavé side, length 25 to 32 & .
. | REMARKS: Wilson and Webster (1946) remark that L. gracilis
and L. ovatus probably belong to Thelypteris, Asplenium, Athy--
Tium, Aspidium or Blechnum. .

OCCURRENCE: This is a very uncommon.microféssil which

occurs sporadically throughout the Eocene and Miocene rocks.

FAMILY DENNSTAEDTIACEAE - POLYPODIACEAE
_ Pls. 4-5 Figs. 34-39
REMARKS: Martin and Rouse (1966) have discussed the

:difficulties in classifying the large reticulate-verrucate-
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-.wartyumonolete spores which are-abundant in the.Miocene or
Pliocene Skonun, Formation. This spore pattern occurs in
several-different‘ferh‘genere in at least two families; viz.
-the Polypodiaceae_and‘Degnstaedtiaceae, and sufficient grade-
. tion. of ornamentation'eiists as toedefy generic identification.
:Potonié»(l956) established three form genera~to'include these
three spore types, i;e..Eglxpgdigpgzitgg, Eglxﬁgdiijga'and
Ianingatgiﬁgnitg§.~'However, the fossil spores encountered in
the.Skonﬁn Formation could notAbe assigned, even to form genera.
As a result, Martin and Rouse elected to‘use-"non-éommittal
form‘designetes"-for the three main forms. | |

In my'work;with the Tertiary rocks of the Whatcom basiﬁ
| encountered;ideptical problems of classifyiﬁé these monolete
spores,-:As a result,’i-have utiIized the:same system Sugéested
by‘Martinoand-Rouse, fForme'l, 2 and 3 are’illuetfated but
not described.'-They are identical in all respects'to the
descriptions given bvaaftin and Rouse (1962, p. 187-188).

OCCURRENCE: Although these microfossils are nowhere
abundant, they ere Sporadieally present'in 1ow'frequency
throughout the Eocene and Miocene rocks.of the Point Roberts
'and:Sunnyeide wells. They occur also in the Kitsilano Forma-
tion and other outcrobs. One, two"or three of the forms may

occur in the same sample.
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ORDER SALVINIALES
FAMILY SALVINIACEAE
Genus Azolla sp.
| 5 Fig. 40 N
DIAGNOSIS: Only isolated anchor-shaped glochidia of
Azolla were found in this study. The massulae and mierospores
were not>encountered‘“the reason for their absence is not known.
The glochidia are about ZQ/u.long, and Q/A—across the barbs.
REMARKS Azglla.appears to be especially common in Eocene
rocks in the interior of British Columbila (Hills, 1.965) but
‘has also been reported from Upper Cretaceous and rocks of other
Tertiary epochs. . | |
_ OCCURRENCE: Azolla has been found in the Eocene and Upper
Cretaceous'rocke in beth the Point Roberts and Sunnyside wells.

It was net eneountered.in.any outcrop samples.

'DIVISION,GiNKGOPHYTA
ORDER GINKGOALES |
FAMILY GINKGOACEAE
' lﬁinkgg Sp.
Pl. 5 Figs. 41-43
DIAGNOSIS: Pollen monosulcate, shape oblate to peroblate,
sulcus broad, generally,closed in the middle and gaping at the
ends. Scﬁlpture'psilate to slightly scabrate. Length 28 to
3%/0_. , _ | ‘
REMARKS: Comparison with modern Ginkgo biloba strongly
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. suggests affiliation with Qinkgg. Similar.grains-have been
reported as Qynadgnitgs Wodehouse 1933, and Cycadopites
~£Qlligulanis Wilson and Webster 1946.

OCCURRENCE- Qinkgg is a"very uncommon grain but has been
found in both- Eocene,and,Miocene rocks. It appears most com-
monly, and in’a_better state ef'preservation, in the upper
part of the Mieeene sequence in. both the'Sunnyside and Point

Roberts wells.

DIVISION CONIFEROPHYTA .
~ORDER CONIFERALES R
FAMILY _PINACEAE
Cedrus sp.
Pl. 5 Fig. W4
DIAGNOSIS: The few grains that appear:to be those of

Cedrus are aboﬁtléijL in diameter. The bladders are moderately .
1arge and tend to enclose the body, except at the leptoma which
separates the bladders. »

- The circular cap is thick and grades-without perceptible
diseontinuity inte the wall of the bladders. Sculpture of the.
body 1is finely reticulate whereas the bladders are somewhat more
coarsely reticulate. | |

" REMARKS: Only three of these grains were found, all high
in thetSunnyside well, within the Miocene sequence of rocks.
Preservation is not partiéularly good and the finer detaills are

not clear. As a consequence, these grains are only tentatively
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assigned‘to‘ggdxyﬁ. There have-ﬁeen very-féw reports of Cedrus
-in Norfh American Tértiary rocks, the most recent well-documented
occurrence being'in’the Miocené of the Queen Charlotte Islands
(Martin and RéuSe, 1966).

OCCﬁRREﬁCE; Three grains wére found within the Miocene
‘41§equénce‘6f Straté in fhe Sunnyside well. The low frequency
and indifféfent pfeservation indicate the source area was

probably some distance away.

 Pl. 6 Figs. 45716

.DiAGNQSIS: }BisaCCAte_grains;nlarge, body oval, 85 by
6E/L,;-bladders nearly Sﬁbispherical,‘SS by 4§AL . The body
appéars to be scabrate to'ﬁinutelyvpunctaté, cap thin. Bladders
‘are finély reticulate, attached discfeteiy,to bbdy and directed
disfally.  Structure énd'diﬁensions_of leptoma obscured by
bladdefs; . _. : - |

REMARKS: The charécter of this grain fits closely those
of Kﬁjglggx;g-dgxidanaxaslillustrated in‘Erdtman»(19¥3) and
Maéko (1957). However, Macko giveé~overall'dimensions of up
to 200 while Erdtman gives dimensions of i02—l6¥/z . Be~-
cause'only a few of these grains Were found, I have no satis—
factory.rangé df'siZés and it may well be the average size is
higher. |

 The only other grain which resembles this is Pseudolarix

which.is:considérably smallér. According to Wodehouse (1935),
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Pseudolarix ranges from 51 to 5%/4,. »

At the present time, Keteleeris is restricted to central
China where it-gr0ws in damp lowland forests and lower belts
of mountain forest up to 2,500_meterS'above.sea 1erel.

fOCCURRENCE: Only a few graihs were found in the Upper

Eocene'end Miocene rocks of the Sunnyside well.

o La.r.ix p.llszai:imlle.nii:.e.s Rouse 1962
| | | ~ Pl. 6 Figs. #7—%8
.‘DIACNOSIS? These grains appear to be identical with those
reported by Rouse (1962) from the Burrard Formation. However,-
a number are smaller with'the observed size range for the pres-
ent specimens being 50 to 7Q¢L .‘

REMARKS: These specimens closely agree in size with those
of Larix hligatingllgnltes reported by Hills (1962) from the
Princeton ﬁasin. Their small size suggests affillatlon with
Larix rather than Esgudgtsuga v |

OCCURRENCE: Nowhere is this particular microfossil abun-
dant,-although:it_occurs most commonly in the Kitsilano Forma-
tion. It is sparsely present,'however, within the Eocene and

Miocene sequences . in both the Point Roberts and Sunnyside wells.

.Eigga grandixeseinitgs Wodehouse 1933
Pl. 6 Figs. 49-50
DIAGNOSIS: This bisaccate pollen grain appears to be
essentially identical with‘that described by wcdehouse (1933)
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and Rouse (1957; 1962). The observed range of body size is
75 to 80 . |

REMARKS: Pollen of P. grandivescipites is rare in the
Whatcom basin and istusually nOt well preserved. This suggests
that the trees.originaliy producing the pollen were some dis- . .
_tance away from the" sedimentary site.

OCCURRENCE This form occurs very sparsely throughout
'511 the. rocks of»the‘Whatcom basin. It is invariably poorly
preserved and often physically broken, suggesting a consid-

erable distance.ofttransport."

 Plnug strobipites Wodehouse‘1933
Pl. 6 Figs. 51-52

DIAGNOSIS: There is. little doubt that this is the same
specimen described by Wodehouse (1933) from the Eocene Green
River Formation.. It has also been reported from the Eocene
Burrard~Formation by Rouse‘(1962). |

REMARKS: 'Preservation ofbthis species is almost invar-
iably poor. | ' | o

OCCURRENCE:‘.Although_this particular.species is more
common'than annyther bladdered conifer, it is by no means
abundant. It occurs most commonly in the Kitsilano Formation .
and other outcrop samples bnt‘is found in both the Point Roberts

-and Sunnyside wells.
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and Rouse (1957{ 1962). The observed range of body size is
75 to 80 . o
| 'REMARKS: Pollen of P..grandivescipites is rare in the
Whatcom baSin and isFusually nbt well preserved. This suggests
that the trees originally producing the pollen were some dis- .
tance away from the sedimentary site.

OCCURRENCE- This form occurs very sparsely throughout
.éll the rocks of.the Whatcom_basin. It is invariably poorly
preserved and often‘phjsically.broken,.Suggesting a consid-

erable distance of transport.

l,ElnuS sixahini&gg Wédehoﬁse 1933
Pl. 6 Figs. 51-52

_‘DIAGNOSIS; There i1s little doubt that this is the same
speéiﬁeﬁ‘deééribed-by Wodehouée'(1933) from the Eocene Green
River’Formétion." It¥has also been réported from the Eocene
Burrard Formation by Rouse (1962).

' REMARKS? Preservation of this épecies is almost invar-:
iably poor.

OCCURRENCE:‘.Although this pérticulérAspeéies is more
common than any:. other bladdered conifer, it is by no means
abundant. It occurs most commonly in'the Kitéilano Formation .
and other outcrop samples buﬁ'is found in both the Point Roberts

and Sunnyside wells.



=104~
Plpus sp. haploxylon-type
Pl. 7 Figs. 53-54
Q'DlAGNOSIS: 'Disaccateﬁpollen grain‘with»bladders attached

to lateral equatorial extremeties‘of body, bladders larger
ﬁhan_body,'body circular'and finely reticulate, bladders mod-
eretely coarsely retiCUIate,.becoming finer toward bladder

- roots.: Leptoma broad, straight margined and finely granular.
Body ranges from 40 to 50,60 -bladders slightly larger.

REMARKS Thompson and Pflug refer this species to the

form species Biixgsngrijgs microalatus which they say belongs
to the Plnus hanlgxxlon group of Rudolph
OCCURRENCE: This particular species 1s present in low

frequency throughout the Point Roberts ‘and- Sunnyside wells.
It 1is also represented by a few grains in the Kitsilano Forma-

tlon.

- Plnus sp.
Pl. 7 Fig. 55
_ DIAGﬁOSIS: Bisaccete pollen grain withvbladders about

eqnel'in siée to body, the body is essentially spherical with
exine coarselyhgranular broximally. Lightlylreticuiate sculp~
}ture on both bladders and distal portion of body. Cap thick.
The bladder connecfion at the poximal root well defined, at
distal root the contact is sharp and distinct. Leptoma indis-

tinct, but smooth to fine granulate. Observed body diameter
- 50 to 55/64-
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-REMARKS: This grain is very: similar to pollen of extant
OCCURRENCE-, Only a few grains of this form were found,

all in the Miocene portion of the Sunnyside well.

| FAMILY'CUPRESSACEAE.
| _ P1. 7 Figs. 56-57 v
| DlAGNCSIS'F Pollen grains sub—spherical, although in
some cases deformed by folding. Inaperaturate, size range
20 to HQ/u Exine thin, transparent, invariably with surface‘
folds, oocasionally ruptured; ~Surface of exine covered with -
small flecks that are slightly more stained than'exine. No
vevidence of pores, colpae or papillae._ Irregular area of
thinning is commonly present which may represent a leptoma.

: REMARKS , This pollen appears to be that of Juniperus.
However, other genera of the Cupressaceae have s1milar pollen,
and differentiation is difficult to impossible. As a result,
I have plaoedtgrains of-this morpholog& and‘size in the family
CupresSaceaeg reoognizing'that_one or more genera may be rep—
resented. v. _ }“ | _

OCCURRENCE: = This is a moderately abundant grain found
throughout all the rocks of the Whatcom basin. It is espec-
ially abundant 1n the Miooene sequence of rocks in both the

Sunnyside and Point Roberts wells.
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FAMILIES CUPRESSACEAE, TAXODIACEAE or PINACEAE
Pl. 7 Figs. 58-59

DIAGNOSIS: Usually sub- circular,.inaperaturate, laevi—
gate pollen grains, identical to larix, except smaller. Ob-
‘served size range 22 to Hg/a, |

REMARKS: These grains would be assignable to Larix except
for their Small"size. They also bear a marked resemblance in
size and form to modern species of Ihuia . At this time, it |
is not possible to classify them closer than probably affilia-
ted to one or ‘more of the above families.

vOCCURRENCE: Grains of this description are moderately
common throughout the Sunnyside and Point Roberts well sec-
tions. .They:are present, but in lesser amount, in the Kitsi-

lanovFormationiand other_outcrop samples.

FAMILY TAXODIACEAE
Glyptostrobus la.sminiias Wodehouse 1933
R Pl. 7 TFigs. 60-61 |
_I“'DiAGNOSIS?' According to Wodehouse (1933) "the case skins
of pollen grains split into two approximately equal halves.
Exine in life apparently stiff and under mechanical strain so
that in separating, the two halves. buckle with the formation .
ofplongitudinal folds. Outer surface dotted with small flecks
- openly andrirregularly spaced. Length of halves 37.§/2 -
fMartin and Rouse (1966) add that thel"pollen'grains usu-
ally split intodtwo}halves,'with the wall folded parallel to
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the split edges. Size range 27 to 3QAZ ’ wall thickness about -
0.5 and the ornamentation decidedly scabrate."

- The specimens in this-study correSpond closely to the
above descriptions except thatjthe length of the‘split halves
.-ranges from 30 to 3%/; | _

REMARKS Although leptgstrghns is -now  confined to cen-
tral China it appears. to have been widespread in the Tertiary
of western North- America. ' | . , _

OCCURRENCE.' Although lentgstrghus has been reported from
rocks as old as Eocene in North America it appears restricted
“to the Miocene in this study,.bglxpjggtxghus has been identi-
fied only in_the Miocene‘of both the Pointhoberts and Sunny-
_sidevweils.‘»It‘was not seen'in;the.Kitsilano or other outcrop

Metasequaia ranillanollanites Rouse 1962
Pl 7 Fig. 62

DIAGNOSIS ‘ The few grains of Metasequgia encountered appear
to be identical with those described by Rouse (1962) from ‘the
Burrard Formation and. by Hills (1962) from the Princeton coal
fields.

However, the 4bserved size range of the present grains is.
22 to_2o/q,which‘extends the 20 to 26 4 range suggested by
Hills (1962). I |

'OCCURRENCE: Metasequola is frequently difficult to dis-

tinguish}fromfIaxQdiumiand so'the:apparentjfrequency may be
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iess then it is in reality.:'Definitelv}identifiable'Meta*
sequoia is uncommon, but is most frequently. seen in the Miocene
section of the Sunnyside well._ A few grains were found in the

Kitsilano Formatlon.

ﬁniadoniixa sp-_':
I Pl. 7 Figs._63 an
DIAdNosrs- Pollen grains large (68 to 754 ), spherical,
covered with large warts, 3 to Q/L in diameter, usually lower
}than broad, .Although a distinct‘apperature is not visible,
there‘is'a_distinct'leptoma,dthat_is usually psilate to gran-
ulate,'but covered'with warty.projections in some specimens.
REMARKS : Although this grain closely resembles the single
i.extant species ﬁgiadgpijzs ygrjigellata, as figured and de-
'f*scribed by Erdtman (1943) and Van Campo (1951), 1t is consid-
erably -larger. . S. xeztigellata, both in- modern reference slides
vand in the above literature, appears to have a size range of
>'28 to #H/u_w1th most being 35 to 4O et o Morphologically this
grain is similar to S. sexratus as described by Martin and
Rouse (1966) but again is much‘larger, 'S. serratus has an
observed size range of 29 to hl/x -
Because of the size discrepancy this grain is not assigned
“to any particular species of - ﬁgiadgpihxs
OCCURRENCE~ §giadgpitys 1s a very uncommon ‘microfossil
.with only a'fewngrains found within the Miocene section of the
Sunnyside well. : | R
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Taxodium hiatipites Wodehouse 1933
‘ P1. 8v_Figs. 65-66 |
 DIAGNOSIS: The specimen here appears to be identical
with those described by Wodehouse 1933, Wilson and Webster
1946, Rouse 1962 and Hills 1962, |
| REMARKS It is quite poss1ble that some of these grains
.are’ Mgtasegugia because of the frequent difficulty in distin-
’guishing the two species except under conditions of exceptional
_preservation. '
OCCURRENCE Iﬁzndium is a moderately abundant microfossil -
: throughout the - Whatcom basin rocks.

' FAMIEY PODCCARPACEAE '

| ngdgnannus sp.

 Pl. 8 Figs. 67-68
DIAGNOSIS: :Bisaccaterérain,‘bOdy,circular, 28 to 33 «c
4n diameter.‘ Bladders large and,irregular. Body‘sculpture
scabrate, bladders finely reticulate. v ,

 REMARKS: Only a few grains referable to Bodocarpus were
found in this study.and.all-are poorly preserved.; As a result,
no attempt havaeen made to assign the grainS'to'particular
specles. | | |
Superficially. these grains appear similar to Podocarpi-

dites: m;gxgxgjigulgidatus Cookson as reported by Martin and
Rouse (1966) from the Miocene or Pliocene Skonun Formation.
'AHills (1962, 1965) reported Podocarpus from the Eocene rocks

"
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of interior British Columbia. ‘Rouse (1962) found a single
grain-of Egdgga;pus-from the Middle Eocene Burrard Formation.
| OCCURRENCE:_'EQtharpus 1s nowhere common in the Whatcom
basin but itkisrpresent in both the Miocene and Eocene sequenoes
in the Pointhoberts and'Sunnyside wells; Several grains were
found in the Kitsilano Formation but it is only doubtfully

present in outcrop samples.

- FAMILY TAXACEAE
- Taxus? sp.
: R }Pl..8 Figs,<69—70 . |
| DIAGNOSIS;V Spherioal-pollenvgrains 18 to 214 in diameter.
In most specimens a leptoma appears to have ruptured to form a
-1arge irregular opening.- Exine psilate to faintly scabrate.
o REMARKS Lack of definitive and diagnostlc features
makes assignment of this grain to Iaxus somewhat tenuous How~-
ever, morphologically it»is ‘identical w1th grains of the west~—
ern‘yew; Iaxuslhrgxiﬁglia‘ However, the present grains average
about ;ZL smaller than extant pollen.
}OCCURRENCE- Iaxus was found only in two samples from the

Miocene ‘sequence.in the Sunnyside well.
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DIVISION‘GNETQPHYTA
ORDER EPHEDRALES
FAMTLY GNETACEAE
Ephedra? sp.
4 s _ | Pl. 8 Fig. 71
t DIAGNOSIS-G Large (8@4& ), elliptical pollen grains.
Exine thick, heavy and provided with broad, low and irregular
ridges that are sub—parallel to" the long axis of the grain.
'Ridges appear to bifurcate and anastomose in an irregular
pattern. No furrows or pores are apparent.
f REMARKS | It is with the greatest uncertainty’that I
assign this grain to Ephedza which in extant forms ranges
- from 35 to 5§/i/in length. It 1s- much larger than modern mem-
_bersuof¢this genus, but is 51milar in morphology to Ephedri-
pites Bokhowitina><l953).asvillustrated’in Potonié (1958) .
OCCURRENCE: 'Onlj'three grains of this_particular-form

‘were found, all in the Goshan and Glen Echo Coal Mines samples.

'DIVISIQN ANTHOPHYTA
. CLASS DICOTYLEDONAE
| 'QRDER MAGNOLIALES
- FAMILY MAGNOLIACEAE
| | . PL. 8 Fig. 72
DIAGNOSIS: Ellipsoidal, monocolpate grains ranging from
46 to SQ/A in polar length. A single furrow extends from end
to end of the grain, usually gaping Slightly at the ends.
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.Margins.of the furrow are closed and slightly wavy, and are
not thickened along‘margins. Exine moderately thick and
slightly roughened. : :

REMARKS-- Except for the roughened exine this pollen is
-.‘identical with that of leigdendrgn psilgpites reported by
: WOdehouse (1933) from the Eocene Green River Formation.
o OCCURRENCE- This pollen grain occurs in very low fre-
quency in the Eocene and Miocene rocks of the Sunnyside and
Point Roberts wells. Several specimens were found in the

upper part of the Kitsilano Formation.

ORDER ARALIALES
'FAMILY ' CORNACEAE
| 'N&Ssa? sp.' |
I | Pl. 8 Fig. 73
;":&DIAGNOSIS:'_Large (45 to 59/& equatorial diameter) tricol-
.tporateipollen'grains. Outline essentially circular, colpae
'longﬂand”tapering, becoming wider at the equator Each colpus -
contains a deeply sunken, pronounced, slightly elliptical pore.
“Exine finely but distinctly granulate. |
REMARKS' Morphologically these grains appear to be affil-
iated with Nyssa but are generally larger than extant pollen.
Also, the shoulders of,the;wall surrounding the colpae are
sloping rather than right—angled as in extant. pollen of Nyssa.
OCCURRENCE Only three grains of this type were found,
all in the- Kitsilano Formation.
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ORDER HAMAMELIDALES
FAMILY HAMAMELIDACEAE
Liquidambar sp.
|  PL. 8 Figs. 7475
A.DIAGNOSIS: rSpherical to irregular; polyporate pollen
grainsg .Pores‘large,_up.to‘k by'%/},in size;pgenerally 8 to
12 poreslper_grain;A Weakhannuii surrounding each pore. Exine
'very‘minuteiy reticulate to punctate. Pore membranes weakly
»_scabrate;'.EXtexine and endeXine sharply distinct.
REMARKS Liguidamhar was widely distributed throughout
vTertiary floras in North America and is even reported from the
Upper Cretaceous Frontier Formation of Wyomlng (Axelrod, 1950)
Representative Tertiary occurrences in North America include
'the-Eocene.Wilcox.Formation, the Qligocene Brandon lignite,
B theﬂOliéocenethidge_Creek flora,:thefOligocene'(?) - Miocene
.ofitheiCOOK.Inletharea'of‘AlaSKa; and the Miocene Latah Forma-~
“tion. Gradual'cooling during the Pliocene destroyed Liquid-
amha: in the western United States but it still persists in
the warm temperate part of the eastern United States. It is
also a common element in portions of the east Asiatic floras
at the present time. Sato (1963) and others describe Liquid-
ambar from - the Miocene of Japan.
In short during the Tertlary, Liquidambar was wide-
spread throughout North America, Europe and eastern Asia.
OCCURRENCE: Liguidamharcis relatively common in the Mio-

cene " rocks of the’SunnySide and Point Roberts wells. In the
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Sunnyside well there -are several occurrences in the Eocene
- part of the section. Liguidamhar was not observed in either

the Kitsilano Formation or any of the other outcrop samples.

* ORDER SALICALES
FAMILY SALICACEAE
ﬁalix disgglgrinites WOdehouse 1933
| .‘ CPL. 8 Figs. 76—77 o
DlAGNOSIS The grains found in. this 1nvestigatlon are
1dentical with those described by Wodehouse except for a more:-
restricted size range of 15 to 1?/u,
| OCCURRENCE: ﬁalix is never abundant but occasionally
occurs up to severa1~percent in the Miocene rocks: in the Sunny~-

side and Point Roberts wells. It 1s rare in the Kitsilano

S

Formation.v -

Salix? sp?

: _ _ | Pl 8 Figs. 78— 79 :

DlAGNOSIS{{ Tricolpate grains, mostly oblate with colpae
'extending.almost fromvpoleito pole.' Furrows closed, show a
slight internal marginal thickening. '

Sculpture minutely reticulate to punctate, maintained
right up to the margins of the colpae - Length 25 to-3Q/L s
width 15 to 2044 . |

 REMARKS: This graln is only tentatively assigned to Salix

‘because of the lack of conclusive and diagnostic features.
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Tricolpate, reticulate pollen grains are abundant in various
'families.and.their identification is always an unoertain pro-
:cedure, |

OCCURRENCE:'.These'particular‘forms'areronly'sparingly
present:in,the“Miocene section of the Sunnyside,and Point
Roberts wells.r They“infrequently occur in the Eocene sections
as well as”the:Kitsilano Fornation. They were not encountered

in the other outcrop samples.

ORDER FAGALES -
. FAMILY BETULACEAE
Almz.s gnadr.apgilenuss Rouse 1962
|  PL. 8 Figs. 8082 |
| L;DIAGNOSlS According to Rouse (1962) these "pollen grains
. are typically square in outline, with four pores S1tuated at
hthe angles." Bands of the wall connecting the" pores are obvious.
The exine around the pores is not greatly thickened,,so‘that
no prominent protrusions are in evidence. - Exine laevigate.
Size range 25 to 2ZLL | |
The Alnus grains found in- the Kitsilano Formation match
this- descriptlon, but’ the‘minimum slize range is ZQ/A with
'the_majority-measurinéfabout 2%/& -
:, REMARKS ¢ ‘Alder‘grains'are common throughout the Tertiary .
"section represented in thedwell samples. However, the older
forms generally appear more.aspidate, with heavier lips around

the pores. There is no doubt, however, that these are Alnus
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~ grains.. In this study all four—poredVAlnus’grains'have been
included in the species A. vguﬁdrap@llﬁniﬁes' 'see further dis-
cussion under "Remarks" of A hexapgllenites

OCCURRENCE Four pored alder is extremely common in all
the . well samples. It is present, in much.reduced numbers, in

~ the Kit51lano Formation and in most of the outcrop samples.

Alnua quinguepollenites Rouse 1962
. ~ _Pls. 8-9 Figs. 83-86.

'DIAGNOSIS: ‘Rouse (1962) states "pollen grains broadly
'pentagonal7in'outlineb with five pores situated at the angles.
The pores. are distinct, with a prominent thickening of the
exine immediately surrounding the pore._ Thickened bands be-
tween the pores are sometimes present but generally lacking.
'Size range 20 to 2%/x' | - | |

I ‘can add little to this. except to state thejthickened
-bands.are invariably present butoin‘some specimens are weakly
developed. . | | ibi _

_ REMARKS.' ALl five pored Ajnus grains are’ placed in this
species. As in A. qugdrapgllenites the pores appear ‘more
aspidate in older-grains. See further discussion under "Re~
marks", A. hexanallenites _

OCCURRENCE ‘Five—pored alder is extremely common in all
' the well samples. It.iscpresent in much reduced numbers in

the Kitsilano Formation and in most of thevoutcrop samples.
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'Alnns'heXaanlanites n. sp.
Pl. 9 Figs. 87-88 |
DIAGNOSlS: - Sub-circular to_broadly hexagonal with six
pOres’situated at thevangles. The pores are always distinct
with prominent thickenings of exine around the pores. Pores
moderately aspidate '»Thickened~bands-between the pores almost
‘always prominent - Size range is 21 to 2%;&
| REMARKS All six—pored Alnus grains are placed in this

SpeCIGS- Probably A. ﬁuedrangllenitas A, guinqu&nallenites

: _and A hexapgllenites would fall within A. 5@3&1191&&5 (WOde--

house, 1933) Wodehouse gave an all—encompassing desoription
.that 1ncluded three to s1x—pored forms with a size range of.
20 to 30. %/b Thus, as Rouse (1962) points out, there is
Justification.for establishing different species to encompass .
theSe'threehdistinct types of Alnus pollen. |

| There ' is no implication here that these‘three'species
represent distinct natural species. Modern reference material
indicate that - the same anther may paroduce pollen grains with
different pore numbers.

| Finally, Martin and-Rouse (1966) have 1ncluded all fossil
Alnus as Alnus xerus R. Potonie 1931 because there is no essen-
tial difference in morphology between the various forms. How=
ever, I prefer maintaining separate specific names for the dif-
ferent morphologidal types because of'thebpossibility-of~eachl
‘having stratigraphic significance. |

HOLOTYPE: = 2,100 ft. slide, ‘Sunnyside well, coordinates
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38.8-108.0..

. OCCURRENCE: Six-pored pollen grains are never as common
as the four- and five-pored types. However, they often occur
associated with them,,and‘occasionally'comprise several percent
of the total alder count. In a general way, they appear more
‘common Inzthe Miocene sequences within the wells, than they do
_in.the-Eocene sequences.‘ They are rarely present in the Kit=:
silano:Formation'and were not observed in other outcrop samples.

If more'contrOvaere available in the Whatcom basin, 1t
might become possible to use Alnus pore numbers in ZOning.

However, at the present-time this is only speculative.

Bgtula, cf B. Qlaxipijes Wodehouse 1933
- Pl. 9 Figs. 89-90 _

5 DIAGNOSIS; Pollen grains assignable to Betula are very

rare in rocks from this ‘area. The several grains found fit
the description of B glazipites as given by Wodehouse (1933).

| ” REMARKS. aBetula is a Widespread and common element in
: Tertiary rocks:througnout North America. It has teen found
in the Eocene Green River Formation, the Eocene of interior’
British Columbia, in the Paleocene Fort Union'Formation, the
Miocene florisSant Formation and in the Miocene Latah Forma-
tion. Betu;a'is cnaracteristic of cool and humid conditions
which probably accounts for its rarity in the Whatcom basin
rocks. |

OCCURRENCE: Only three or four grains'were found which
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.could be assigned to Betula with certainty, and those were

all in the Miocene section of the}Sunnyside well. It was not
encountered in the Kitsilano Formation‘nor in any of the out-

crop samples.

ef. Carpinus sp;
, “PL. 9 -Figs. 91—92

DiAGNOSIS- A number of grains were found which suggest
definite affinities with Qanpinus - Generally they fit the
description ofggarpinus angipites Wodehouse 1933 but many are
considerably smaller..'The'size range.of thevpresent specimens
~are 25 to 32“ ) whereas Wodehouse reports a range of 27.4% to.
Ll 5/4 The only modern Qazninus available for reference is
'Qi,hetulus w1th a size averaging 35/x | '

REMARKS Qarpinus was once much more widespread than it
is at present, and appears to have been a common element in
many-of the North American floras during the Tertiary.

gOCCURRENCE: hAlthough Carpinus is never abundant, it is
almost-inwariably:present, ewen ifhrepresented on a slide by
a single speoimen.' Tt has been observed throughout the section
in both'wells,and invthe'Kitsilano Formation. It was also
recorded in Dale Creek (American Sumas Mountain) and the Toad

Lake outcrop.
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ngxluﬁ Lringllsnites Rouse 1962
© P1. 9 Figs. 93-9%

DIAGNOSIS:}’"POilen grains subtriangular in outline.
Three-pored with the pores elliptical.in outline and subtended
by slight bulbous expansions'of’the wall (see Wodehouse, 1933,
. text—figure 39, ngzlus pattern). The wall is typilcally folded
'b-between the pores, but the pattern is 1rregular. Ornamenta-'
tion laevigate to. weakly punctate. Size range 25 to ZZAZ -

Specimens‘from‘the Whatcom basin are morphologically .
identical, but tend to be smaller with a minimum size of 18
and'an.average of about Z%AL . | _

»REMARKS:_.QQxxlus'has been reported'localiy’from the Bur-
rard Formation (Rouse, l962)iand the Miocene or Pliocene Skonun
Formation (Martin and Rouse, 1966) . |

OCCURRENCE. ngxlua 1ike'Cazpinu§ is ‘never abundant but
_it'is"commonly present :'It was encountered in the Miocene
and Eocene sequences in both the POint Roberts and Sunnyside
“wells. A few grains were found in the Kitsilano Formation but

1t was not-observed in the other outcrop samples.

FAMILY FAGACEAE
Castanea? sp.
| ‘ Pl. 9 Figs. 95-96
DIAGNOSIS° Grains small (16 to 12/; ), tricolpate With
colpae extending from pole to- pole. Small circular pore, sit-

uated in short. transverse furrow, lies in the center‘of each
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colpus. The exine is psilate to very faintly granular.

| REMARKS: These specimens look very much like pollen of
the modern species Castanes dentata but are slightly larger.
However, according to Wodehouse (1935) pollen of the genus
Qasiangnsis looks much like that of Qastanga In fact, Casta-
nopsis ghrxsgphxlla 1s identical to Castanea dentata. For this
'.reason the assignment to Qastanea is questionable.

Castapnea- type pollen has been described from numerous
Tertiary rocks ranging in age from Eocene to Pliocene. Rouse
(1957 and Couper (1965) have also reported Qasjanga type pollen
from Upper Cretaceous rocks.

OCCURRENCE Qasjanea type pollen is fairly common in all
the samples examined. It was found through the- entire strati- “
graphic sections represented in the Point Roberts and Sunny31de

_wells, as well as in the Kitsilano Formation and other out-

. crop samples. = .C' : : '“v"v' » b

Eagus gzanulata Martin and Rouse 1966
PL. 9 Figs. 97 99 _ _
DIAGNCSIS#, "Pollen trlcolporate, 27—38 X 20- 3QAL ’

circular in polar-view, broadly elliptical in equatorial view.
Colpae with‘narrou borders, about-20—2%/u.long, with large ellip-
tical pores-about 7—2,% in diameter. The wall, about 0.5 to
1.5 thick, is diStinctly divided into endexine and ectexine
that supports a coarse~ to fine-granulate ornamentation. The

endexine forms distinct costae around the pores" (Martin and
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Rouse, 1966).

REMARKS: * The Whatcom basin specimens appear identical
| to. those described by Martln and Rouse.- They go on to say that
.this species probably represents "either an extinct or extant:
Asiatic specles."i o _ _

| OCCURRENCE: :ﬁzguslgranulaﬁa,has“been observed princi-
_paliy 1n‘the'Miocene‘rocks,_but'is also present in much of the
Eocene-seQuence'invthe.Snnnyside and Point Roberts well. A

<few'grains were found in the Kitsilano'Formation.-

‘ rEagusl sp.
| . Pl. 9 Figs. 100-101

VDIAGNOSiS: Sub-spherical tricolpate grain, 30 to 3%AL
in diameter. Colpae one-half-to two-thirds total grain 1ength.
ConspiCuons margo'bordering.colpae; smail, S1ightly-elliptical
pores in center of‘eachicolpus;u‘EXine finely'SCabrate, becom~
ing much finer on the margo | o |

.REMARKS ~This grain. differs from F. grapulata mainly in.
_'heving shorterfcolpae,.but also appears to have consistently -
esmaiierlpOres.z‘This_probably represents an”undescribedbspecies,
butgthereﬁis little doubt that it is Fagus, nossibly an extinct
form. | ‘ _ , |
o EOCCURRENCE' This particular ‘form is present in small
'quantity in’ the Miocene rocks of the Point Roberts and Sunny-

side wells.
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Eagug °'sp.v
: | S Pl. 9 Fig. 102

VblACNOSIS' A single, sub- spherical tricolporate grain,
3gpb in diameter. Colpae extend almost- from end to end of
grain. Conspicuous margoibordering colpae, expanding in
_Widthfat_equatorljvSmall oircular'pore located in center
of eachfcolpus.a’Eiine'finely scabrate, becoming finer on
margo.. | _ | | | _

REMARKS-'-ASsignment'of‘thie gfain to Eagns is question- .
able, but it. is closer to pollen of this genus than any other
known to me.’ _ _ ’

OCCURRENCE Only one grain was found and- that was 1n
the Miocene of the Sunnyside well at a depth of U, lOO feet.

Quennus exnlanata Anderson 1960
Pl. 9 Figs. 103-10k4

DlAGNCSIS:-."Prolate tricolpate pollen with long furrows
aextending’fafvinto'the polar area; furrows usually of unequal
'length and,often with a margo, a definite pore not present,

‘but the middle of the furron.sometimea alightly gapings grains
tend:to_be slightlydrhomboidal in equatorial view; exine clearly
diffepentiateddand thicker at”the‘poles;'tectate—columellate :
eXine'giQes'thebappearancevof scabrate sculpture.

- "Length (polar axis) 33 to_%@;& ,_mostly greater than
40u 3 width 23 to 374, exine as mich'as 24 thick at
poles." (Anderson, 1960) }



-124- 7

REMARKS; 'Anderson”srspecimens‘occur in the.lowermost
Pliocene, but in the present studylarea‘theyvare probably some-
what'older; : | | " | | .

“OCCURRENCE:»»These microfossils are locally moderately
tabundant7inuthefMiooene’SectionsAof the Point Roberts and
 Sunnyside Wells;;' - o
T . .
L . . Pl. 9 Figs.\lO5—lO6

ﬁIAGNOSIS Prolate, tricolpate pollen grains ‘with fur-
rows extending nearly from pole to pole, occasionally weak
margo along colpae, no pores but the middle of the furrow may -
‘gape slightly, a tectace columellate exine suggests a reticu-
late pattern- appears slightly coarser at “the. poles. Polar
bzaxis varies from 33 to- HJAL , width 23 to 3/;; | A

| REMARKS.' This grain resembles Quercus lgngiganalis

Traverse. 1955 See remarks under Quercusu Sp.

OCCURRENCE This microfossil occurs locallyﬁin low fre-
quencygthroughoutpthe‘Miooene and Eocene sequenoes'of the Point
' ﬁoberts andCSunnyside'welle Two speoimens were found in the

Kitsilano Formation.

Quenausz sSp.
| | p1. 10 Figs. 107-108 |
DIAGNOSIS Fairly 1arge (29 to 35 polar diameter) tri-

colpate grains, nearly circular in polar and equatorial views.
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| Colpae two-thirds to three fourths length of grain, usually
tightly closed No sub-exinous thickenings along colpae.
Sculpture scabrate.. o | B
| REMARKS See remarks under Quezsns sp.
OCCURRENCE‘< This grain occurs only sporadically through-
out -the Miocene and Eocene well sections, and in the Kitsilano

Formation.-‘fl"

i,Qngxgn§3‘sp. |

_ . Pl “10- Figs.v109'110 _

DIAGNOSIS Tricolpate grains, 20 to ZEAL long, prolate.
Closed colpae extending from end to.end of grain. Weak sub-
: eXinous thickening beneath colpae margins. Sculpture faintly
| scabrate.c~,{h3: ;fiﬁ" L | " | |
| REMARKS'v This grain, although somewhat smaller, super-
f1c1a11y resembles Qnergus xizginiana Mill as described by
Macko, 1957 See remarks under-Quercu54 sp.

OCCURRENCE This grain is found throughout the Whatcom
ibasin rocks but is somewhat more common in the Miocene sec-
_tion of the Point Roberts and Sunnyside wells.j B

| '-_Quam.lslb Sp.
Pl 10 Fig. 111

DIAGNOSIS Tricolpate grain with the same size and same

morphology as ngngus3 sp._ The sculpture, however, is psilate

rather than scabrate.
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REMARKS: Quercus is a widespread genus consisting of
‘over BCC species at the present timeQ During post-Eocene
-times Quercus appears to have. been a main element of northern
hemisphere floras . In the Whatcom‘basin, Miocene rocks have
a conspicuously large percentage of Quercus pollen which
undoubtedly represent more than 4 species. However, on the
basis of pollen,'Qﬂ&IQus is very difficult to subdivide into
:speCies._ All are tricolpate With few distinguishing features.
Some previous workers (esp. Macko, 1957; Traverse, 1955) have
_.assigned_these grains to numerous speCies. I feellthis is

meaningless‘and‘that'a valid species'subdivision of the types

o encountered here is not possible on the basis of palynological

features.g As a result I. have shown the four distinct Quercus
groups present in the Whatcom basin but have not attempted to
assign a species name to any.. |

OCCURRENCE This form occurs in limited quantity through-
out the rocks of the Whatcom basin, but is more common in the

Miocene rocks of both wells.

ORDER JUGLANDALES
FAMILY JUGLANDACEAE
Caxxa Juxtaporites (Wodehouse 1933) Rouse 1962
PL. 10 Figs. 112-115
DIAGNOSIS' Circular to sub triangular triporate grains,
24 to 3@;4,in diameter. Pores usually circular, 13 to 244 in

diameter, occasionally slightly oval. Pores on one hemisphere
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slightly offset from equator. 'Ornamentation3ranges widely from
- psilate to distinctly granulate.

| -REMARKS' The Whatcom basin speolmens appear 1dentical

-with the Hicoris Juxtapgnitgs Wodehouse 1933 and to Carya
;uxtangzites (Wodehouse 1933) Rouse 1962 The size range
.glven by Rouse (23‘to_22AL ) is slightly less than glven above
butvin all othef fespeots”they appear 1ldentical. The average

'siZe of the'specimens encountered in this study 1s 304 and
.__the”rangomin-ofnamentation-isdpronounoed. Possibly more than
Onedsﬁeoies'is inoluded under.this designation but the.grada—
tional natune ofdthevofnamentation'makes 1t difficult to draw
definite oonolusions; 'Wodehouse'(l933) in his original descrip-
tion of this spe01es included psilate to granular forms, and
‘ I have followed the same procedure in . this study._

OCCURRENCE° ngya is an almost omnlpresent element in all

spec1mens from the Whatcom basin including the Mlocene and
.Eocene rocks in both wells,lthe Kitsilano Formatlon and most

of the outcrop samples examined.v

Enaelhandtia ef. E. gxanulata Simpson 1961
B PL. 10 Figs 116-117

DIAGNOSIS: Pollen grains 22 to 2//¢ in dlameter, profile
in'polar view triarcuate; three pores, close to circular,
slightly aspidate; on nost specimens there 1s a narrow and
often.inoonspicuOus:collar,,sculpture slightly scabrate. On

'proximalihemisphere, between pores, there are three sub-circular
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areas of'exine'thinning; a broad indefinite triradiate mark
is present on proximal surface. | ‘"

..REMARKS These forms appear very similar to those
described by Simpson (1961) from Lower Tertiary rocks of Scot—
land See remarks under Engelhardtia SPp. ‘ |

OCCURRENCE-F These particular forms were found only in
the lower part of the Eocene sequences and. the Cretaceous

- within both-wells. They occur only in very 1ow quantity.

Enaslhardtia Sp.
AR Pl 10 Figs. 118- 119 .
DIAGNOSIS'; Pollen grains in this group are similar to
those of E granulata but differ in two respects 1) there
is no area of- thinning in the interpolar areas and 2) the
'exine is laevigate to faintly scabrate
REMARKS'J This grain appears 51milar to Engelhardtia
.cgrylipitas Wodehouse 1933 | o
| It is only with some uncertainty that I assign the grains
encountered here to two. fossil species of Engelhardtia Mod-

'ern Engelhardtia pollen can be distinguished from Myrica and. .
Qgrxlus mainly on the basis of size but it is only supposition

AN

that this relationship held throughout the Tertiary. Because
these forms are smaller than typical Myrica and_because the
pores are not set precisely on. the equator, which is a char-

acteristic of the Juglandaceae, I have concluded that these

grains are those. of Engelhardtia species.
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'.'OCCURRENCE: These forms-neversOCcur_in high frequency
but are present in the Miocene and Eocene sequences in the

two wells as well.as most of the outcropvsamples.

) Rlatx_c.ame Sp.

B ';‘P1.‘1o Figs. 120-122
| : DIAGNOSIS*- Small (14 to l/pb ) triporate pollen grains.
.More or less distinctly triangular-'sharp, slit-like pores. at
.each angle. Pores are reported by several authors (Wodehouse,
1935; Thiergart 1940) to have a characteristic Corylus-pattern.
Pores are . characteristically slightly offset from the equator
" 1n the Juglandaceous fashion. Exine is faintly scabrate and
'always crossed by at least two crossed folds.

REMARKS : Although it is not in print to my knowledge,-
the unofficial feeling among Tertiary palynologists is that
'Elatxgarxa is restricted to Eocene rocks. _However, as a num-
jber of writers have mentioned, the distinction between Platy-
'garya and Engelhardtia and certain members of the Betulaceae
can at times be difficult.v I have not had access to the mod-

ern Elatxgarxa or- Engglhandtia but have compared'descriptions

and: illustrations and can see how difficulties of differentia—
tion might occur. As a result of this potential confusion,

it seems possible to me that Elatxgarxa might be more long
ranging than commonly thought simply because it has not been
identified |

I have‘assigned these grains with some confidence because
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vof theilr. small size, their slit-like pores and characteristic
cross-folds. »

" vOCCURRENCE;'_Eﬂaxyga:yaiis never abundant but is a common
element in'the Eocene sections of both the Point Roberts and
Sunnyside wells. It is also'present in low frequency in the
‘upper part of the KitSilano Formation, at Kilgard Quarry on
Canadian Sumas Mountain, at Dale Creek on American Sumas Moun-

tain, at the Whatcom Quarry and at. the Glen Echo Coal Mine.

iuglans peripgrites Martin and Rouse 1966
~ PL. 10 Figs. 123324 |

DIAGNOSIS These forms are essentially morphologically
1dent1ca1 to those described by Martin and Rouse. However,
the size range can be expanded because forms from the Whatcom
: baSin range from 26 to 3€/u, Martin and Rouse give an annu-
.llus diameter of 8 to lgpL which ‘1s somewhat higher than shown
in their illustrations.. The annulus of the present specimens
'ranges from 5 to éﬁb with pore diameters, in different speci-
mens, varying from 1. 5 to E%LG".

REMARKS~ Juglans has been found in numerous Tertiary
. floras, including the Eocene Green River Formation, the 0Oligo-
cene (?) - Miocene of Alaska, the Miocene of Nevada and the
Miocene of Japan Wodehouse (1933, .p. 504) states: "Iﬁglans-
is an ancient group, with a history dating back to the Upper
Cretaceous. In the Tertiary it was represented by many dif-

ferent species and is a conspicuous feature of most of the
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.Tertiaryvfloras,’particularly'those‘of.the more northerly and
-colder climates --- ." ': ‘ | |
OCCURRENCE? This particular microfossil, while never

abundant, occurs in all the rocks of the Whatcom basin.

Juglans sp.
R , - Pl. 10 Fig. 125F127

':bIAGNOSIS Polyporate pollen graln, 28 to 354 5 sub-
'rounded3 Number of pores hlghly varlable but usually around -
twelve. Most located near the equator, the remainder located
on onelhemlsphere. Pores generally small (l to g/b in dia-
meter) circular to sllghtly elliptlcal, annulus weak or absent
“altogether | Sculpture weakly scabrate. |
REMARKS The closest species appears to be Juglans per-
’ 1pgr;te§ Martin and Rouse 1966 but these have a more pronoun-
ced annulus._ This type of Juglans pollen from the Whatcom
basiniis similarrto:that of'the modern J. nigra.

| OSCURRENCEr.SThis particular form appears to be restricted.

toithe-Miocene sequence of rocks in the Point Roberts and Sun-

nyside wells.,

Eigxgﬁazxa'ﬁiellatuﬁ Martin and Rouse 1966
P 11 Figs. 128-130
DIAGNOSIS: Polyporate grain with 5 to 8 subeircular to
circular pores; lOcated at or near the equator. Pores vary .

from 5 to Zpb with the majority having six pores. Grains
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definitely angular with the number of sidespdependent on the
number ofopores._ Sub—exinous.thickenings beneath the pores
.shallow. Almost invariably the surface is folded into one or
' more folds. Surface sculpture ranges from- p51late to faintly
soabrate. Size range 28 to 394
REMARKS These grains appear identical to Eterggarza
lstellajus Martin and Rouse 1966 No real difference seems to.
exist. between fossil and extant 2&&292&2¥3 pOllen. |
_ OCCURRENCE Etgrggarza is particularly common in the
Miocene'sections of tne Point Roberts and Sunnyside wells.
.HoweVer,fit“isﬂalso present'in lesser quantity’in the Eocene

sections'and_infvarious outecrops.

FAMILY JUGLANDACEAE°
MQminites tenuipglus Anderson 1960
| _ Pl. 11 Figs. 131-133 |
DIAGNOSIS' These grains are identical to those described

by Anderson (1960) " Size range 1 to lZAb .

 REMARKS: Stanley (1965) describes what appears to be M.
tenuipolus from therPaleocene of South Dakota, and calls it
" Engelhardtia migrgﬁggeglata. He does not refer to Anderson's
species,-nor does he_conment On'polarlexine thinning which
characterizes Mgmipites Xenulipolus, but his. illustrations
‘appear to show this thinning.

Probably this’ grain belongs to the famlly Juglandaceae;
possibly closely related to Engglhardtiasor Rlatycarya.
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OCCURRENCE: This is a common grain throughout the Point
Roberts and Sunnyside wells. It was also observed in the Dale‘

Creek sample on American Sumas Mountain.

 ORDER UTRICALES
. FAMILY ULMACEAE
o Hlmus:or Zelkova sp.
R 1 e 131

'fDIAGNOSISéF Square-to snb~rectangular pollen grainy 28 to
‘3Zpb-in diameter;':FOur pores are the rule, although three and
five have been observed- they are generally somewhat elliptical,
3 to 5;0 in length. As a rule, pores. ‘are located on the angles
of the grain, but as in modern.ﬂlmug they may be all on one
» hemisphere, adgacent_to‘the equatora -'Slight, sub-exinous
thickenings do occur. Exine characteristically laevigate with
a.rugnlatevto reticnlate pattern impreSSed into it. Wodehouse
'_(1935) has remarked that these undulations are-due to "inter-
nal ‘thickenings." - |

~ REMARKS: Hlmus and Zelkgxa cannot be distinguished on the
basis of pollen, even in modern pollen grains,‘so I have not
attempted to separate them here. I have‘not seen»an Ulmus-
Zelkova of this type described before. It'is qulte different
from the [. grangpgllenites described by Rouse from the Bur-
rard Formation. It looks much like U. americana but according
to Wodehouse:(l935), u. amerigana characteristically has five

pores. ' The Hlmus‘described here is dominently four pored.
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..OCCURRENCE: Common in.the Miocene sections of both wells.

A few specimens occasionally present in Eocene well samples.

-; Eianera Sp-
IR ~ Pl. 11 Fig. 136

CDiAGNosIs}E_Mbrphoiogicaiiy;ﬂglang;a;is identical with -
theiulmn§42glkgjgiaiready“described ' but has the. addition of
arci or curved linear thickenings reaching from pore to pore.
A description of Blanera given by Simpson (1961) fits these
grains almost-exactly. Wodehouse (1935), commenting on the»
arci of Elanera,»states that arci are more than adequate to
differentiate Elanera from Hlmus

| REMARKS I feel there is 1little -doubt these are truly
Elanera. The difference in these grains to those referred to
'as Hlmus Zelkgxa is striking and consistent. Leaves of Elanera
; have been found in the Burrard and KitSilano Formations (Rouse,
1962), although it has not been commonly identified before in
Tertiary floras on the basis of microfOSSils.

OCCURRENCE Elanera is not common, with only about 15

.grains identified.. However, they have been found in both the
Miocene and Eocene ‘sections of the Point Roberts and Sunnyside

wells. Several grains were also found in the Kitsilano Formation.



-135-
~ ORDER TILIALES
FAMILY TILIACEAE
I;lia vescipites Wodehouse 1933
) ' Pl 11 Figs. 137~ 139 7
DIAGNOSlS;'~These'spec1mens appear»identical with those
described by Wodehouse.' They range in polar'diameter from
2k to 3%/% Except for the slightly smaller size, these
specimens are similar to the modern I amgrigana as suggested
by WOdehouse (1933)
OCCURRENCE This microfOSSil is locally rather abundant
‘and is found throughout the Eocene and Miocene of the two wells

as'wellbas‘infmost of the outcrop samples.

.:Iilla}sp.:
o P1. 11 Fig. 140
DIACNOSISCF Small (21 to 2&/4 ) triporate grain, invar-

'iably subcircular Pores circular and deeply sunken forming
vpits Sub—exinous thickening around pores is consilderable,
and always conspicuous. Exine is pitted to minutely reticulate.

'REMARKS: - This grain differs from Tilia vescipites in its
smaller‘siae;'in,the.punctate rather than coarsely reticulate
sculpture; andbin the pronounced thickenings around the pores.
.‘ ;'OCCURRENCE: :This:is'a,relatively uncommon microfossil
foundjprincipally in the Miocene section of the Point Roberts
and»SunnySide wells.: However, a few grains were found in the

"Kitsilano'Formation-
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FAMILY TTLIACEAE?
Pl. 11 Fig. 141
DIAGNOSIS Elliptical pollen grain, 22 to Z/LL . mark-
‘edly pointed end. Tricolporate, colpae-extending from end
to end of grain.:-Marked sub-exinous”thickening. Small cir-
l cular pore located in short shallow transverse furrow. Exine
is. fine granular with a suggestion that allignment of orna-
mentation is parallel to long axis of grain.
REMARKS Assignment to the Tilliaceae is tentative, and
',donevonly on the basis of the resemblance of this grain to
Qxemia type" as’ illustrated in Erdtman (1952)
_OCCURRENCE: Not a common microf0551l, occurring very
rarelyiinftheiMiocene.rocks of the}Point'Roberts and Sunny- .

side;wells,f S

ORDER SAPINDALES
FAMILY ACERACEAE
o Acer_;sp-v
. Pl 11 Figs. 142-143
‘DIAQNOSIS}’ Grains predominantly oblate, 24 to 3g/x.1ong,

10 to ZQ/b.in width. Colpae-extend from pole to pole, usually
“closed;fbut'where-gaping sliéhtly, are faintly granular. No
thickening atfcolpae margins. The exine is always-distinctly
granulate°talm03t always the granules are alligned in rows,
:giving a striate appearance, although at times the striations

are weakly developed.v
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REMARKS: ' Wodehouse (1935) and Simpson (1961) remark omn-
the diagnostic value. of these granular striations. Among
modernuforms; only Acer negundo fails to show this striate
characteristic. As a consequence I have 1dentified as Acer
.only those grains which show this feature.‘ Tricolpate grains
‘are common. in many diverse groups in the Dicotyledonae, and I.
am convinced that many miSidentifications are found in the lit-
-erature. As a result I have decided to err on the conserva-
tive side and ass1gn to A&ex only those forms which show the
characteristic striations. This may have resulted in Acer - -
| appearing in-lesser-percentage than it ‘did in reality.
| ’OCCURRENCE#v»Rare;’butjomnipresent_in all Whatcom basin

rocks.

FAMILY HIPPOCASTANACEAE
| ’Aesculus sp.
) - PL. 11 Fig. 1hk
_ DIAGNOSIS: Prolate, trlcolpate grains, 20 to 264 in
polar diameter; Colpae short, each containing a weak ellip-
ticalroore injCenter;n Exine faintly scabrate. |
'_‘CCCUﬁRENCEE ’AfVer& unconmon microfossil, identified

definiteiy-only_in several samples from the Miocene of the

Sunnyside weli.
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- ORDER CHENOPODIALES?
FAMILY CHENOPODIACEAE?
| Pl. 11 Fig. 145

DIAGNOSlS:F'Pollen grains snall.(l7 to 124L ) epheroidal,
cribellate;" Twelve'or more_circular pores covered by a thin,
flecked.membrane;vexine thickband-faintly SCabrate.

REMARKS Although I have a551gned these pollen grains -
to the Chenopodiaceae, there remains the possibility they may
be in the-family Caryophyllaceae ‘Erdtman (19#3)vp01nts out
v the 51milarity of pollen from the two families, and that many
are difficult to differentlate Because there are over 550

genera in the Chenopodiaceae and 80 genera in the Caryophyl-
laceae with a combined total of about 2 000 species, all with
_similar pollen, it is imp0531ble to reflne identification to
any lowervlevel._.7 o | | |

‘OCCURRENCE;]'Onlyvfour grains of:this tYpe were observed;
and they all occurred‘in the Miobene section of the Sunnyside

well,

" ORDER CONTORTAE
FAMTLY GENTIANACEAE ‘
' Pistillipollenites megregorii Rouse 1962
| Pl. 12 Figs. 146-149
DIAGNOSIS: lThe deeoription given by Rouse for the genus
is as follows: VPollen grains circnlar to broadly sub-triangular

in outline. VTripOrate (?trioolpate) with the three openings
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Lgenerally obscured by the club or pistil—shaped elements of
‘ornamentation.‘,The wall is about %/w thick5”with no'obvious
division into‘ektexine and‘endexine° the presence of costae
‘has not been confirmed because no clear view of the pores
-~has~beenvavailable. Size range. 20 to 39p¢
- For the description of E;st;llipgllenites mcgregorii,
: Rouse adds the follow1ng to the generic description ."The
pistil-shaped ornaments resemble ‘young mushrooms emerging '
from the soil i e. they are circular to oval in shape, --- -
‘pores or‘(colpae?)-which‘are'hidden between and‘under the
projections; ~=~the projections’are notbgenerally evenly
distributed on the surface of the wall but tend to be concen-
trated;on.one surface The size- range is 20 to 39AL "
| REMARKS There 1s no doubt these forms are identical
to.thosefdescribed-by Rouse,,although a<wider range of orna-
ment variation-is present ' The exine may have as few as six
’pistils or the entire surface may be densely covered Accord~
ing to Hills (1965) the range of " El&&;lllpﬂllﬁﬂi&ﬂﬁ mcheggrii
in British Columbia, Middle Eocene. However,.the total
range may be Paleocene to Middle Eocene (Rouse, personal com—
‘ munication) | s |
'OCCURRENCES: - Pistillipollenites has a restricted occur-
rence in the Whatcom basin.  In the Sunnyside and Point Roberts
wells it oceurs only, and sometimes in high percentage, in the

middle~and lower parts of the Eocene section. It was also

encountered in the lower part of the Kitsilano Formation and
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invseveral~outcrops in Washington State. Distribution of this

microfossil is indicated-oinahles B, C and D.

FAMTLY ‘AQUIIFOLIACEAE
| llex sp.. |
\ - Pl 12 Figs._lSO 155 ‘
DIAGNOSIS-.’Tricolpate»pollen“grain; subprolate'to»pro—
late. Some grains show the colpae distinctly, others w1th
the colpae barely visible.. All speCimens show a clavate
'sculptured ektexine. Clavae vary from l 5 to 3. 2&‘ in diameter,
markedly expanded and rounded on distal ends. Most specimens
have equal—sized clavae, others have slight variations. No
.clavae present~on-furrows Size range (excluding ornaments)

25 to 3ZLL in polar length., | | _:' . |
'g,'REMABKS’ At the present time there are over 180 species
’of.llgx'GWlllis, 1955)'and’these~presumably allbhave very slight

variatlon in pollen morphology. Presumably this multiplicity
of spe01es was present in the Tertiary, as several dlfferent
forms of. Ilgx are reported from Tertiary floras.f Differences
in the fossil llex of the Whatcom ‘basin are’ slight and do not
‘lend themselves to,meaningful subdiVision. Considerable over-
lap of forms~exists._and it is difficult and arbitrary to assign :
most -of the grains to anybparticular species. Traverse (1955)
"~ has created five foss11 species, but to my mind this has very
.little validity. As a . result I have simply placed all forms of

Ilgx sp. and illustrated some of the minor variations present.
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OCCURRENCE- Ilgx is common, and sometimes abundant, in
the Miocene and upper part of the Eocene sequence in both the
Point Roberts and Sunnyside wells. It is also present in the
Kit31lano Formatlonﬁand some of the other_outcrop samples.

aDistributionlof:llgx;is:indicatedpon»Tables B, C and D.

'“?ORDERTPROTEALES
' ‘ FAMILY PROTEACEAE
Exgieagidites thalmanni Anderson 1960

| o ‘, PL. 12 Figs. 156 158

'DlAGNdSIS?M Triporate, triangular pollen grain about
:22 to 39/6 in diameter.,-Rounded corners, slightly convex
'interradial areas. Pores at angles, somewhat ‘variable in
_character., Pores generally appear elliptical, and notch~
_like.; Annulus usually pronounced around pores ' Exine is
vrather coarsely reticulate near equator, becoming finer toward
poles. - | |
| REMARKS Ergteagiditgs pollen is difficult to break into
species because of the transitional nature of the pollen grain
morphology.; However, the present specimens appear identical
_lwith B. Lhalmanii Anderson 1960. | |
| Available evidence indicates that Ergtgag;dites is re-
stricted to Upper Cretaceous in New Mexico. Stanley (1960)
found Ezgtgagiditgs zgjuaus Anderson 1960 restricted to Upper

. Cretaceous in northwestern South Dakota. Rouse (1962) stated

'_that two species, P terrazns Rouse 1962 and P. marginus Rouse
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1962, is restricted to Upper Cretaceous rocks in British Col-
:umbia.- Informal discussion with oil company palynologists has
.indicated“to'me.thatimost“workerslaCcept'proteaceous grains
as indicators of Upper Cretaceous age in North America.

OCCURRENCE Several of these grains were found in the -
.‘Dale Creek (American Sumas Mountain) sample, but as explained
in the text I feel these are contamination from older rocks.
vThey were found in the Upper Cretaceous rocks in both the'
'Sunnyside and Point Roberts wells. Distribution of proteaceous

grains is given on Tables B and C."

.Br.e.t.ea&idii:_e.s SP-

R ’- ,,'_13.,1.," 12 . Fig. 159 |
| g DIAGNOSIS ‘ Rather sharply triangular grain, abruptly :
frounded angles, straight to slightly concave sides. Size |
;about 2§¢L Pores indistinct but appear notch-like, no par-
v,ticular thickening of exine around pores.; Sculpture is wart-
.'like at equator grading to retlculate and punctate at poles.

REMARKS- This grain appears similar to Ergteagidites
Lerrazus Rouse 1962 but 1is rather poorly preserved and can't
‘be 1dentified any closer to species ‘

OCCURRENCE° Only three of these particular microfossils

. were found, all in the Upper Cretaceous of the Sunnyside well.
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~ ORDER MYRICALES
FAMILY MYRICADEAE .
sziga annuli&gs Martin and Rouse 1966
. . 13 Figs. 160 161 '
‘VEDIAGNbsisrv Triporate grains, 26 to 3§¢¢ in diameter.
Specimens from the Whatcom basin appear. very similar to those
‘*described by Martin and Rouse so I have assigned them to this
ispecies.‘_~' ‘
REMARKS WOdehouse (1933) has stated "(Mxriga) is one of -
';the most abundant and widely distributed genera of the Tertiary
'1occurring in practically all of the floras of the epoch. It
was also present in the Upper Cretaceous period and is still
:widely distributed though greatly reduced in numbers of
':species. L " ' " | y |
Mxxiga is reported from the Miocene or early Pliocene
"Skonun Formation of the Queen Charlotte Islands (Martin and.
tRouse, 1966) but has not been found in either the ‘Eocene Bur-
dl_rard Formation (Rouse, 1962) nor in the Eocene of interior.
'Brltish Columbia (Hills, 1965) .
OCCURRENCE This is a very uncommon microfossil in the

- Whatcom basin with only a few grains encountered in the Miocene

section of the Point Roberts and Sunnyside wells.
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CLASS DICOTYLEDONAE :“af
Form genus Ext:at:ipgngpgllgnitgs sp.
T Pl..l3 Fig. 162 |
.f‘DlAGNOSIS: Strongly triangular grain, with strongly
_ protrudlng pores.\ Slze about Z%AL Annulus prominent, ves-
'tibulum appears present but difficult to define its nature..
-'Sculpture appears rough, almost beaded |
. REMARKS-~ This form compares most closely with E Eragtus
f:Pflug in Thomson and Pflug (1953)
A number of species of Extzajripgxgpgllgnitga have been

described However, there appears to be cons1derable overlap

":of features, and I prefer not to commit myself to the species

ilevel.: Ex&ratxipgngngllanites appears to be a good indicator

'vof Upper Cretaceous and Paleocene rocks.ﬂ Thomson and ‘Pflug -
:f(l953) find it abundant in Upper Cretaceous, rarely present in
the Paleocene,'and absent in younger rocks.f Samolovitch et al
(1961) found Extnatripgrgngllgnites in both‘Upper Cretaceous
and Paleocene rocks in Russ1a.glja S R
OCCURRENCE" Several grains of this form were found within
the Upper Cretaceous part of the P01nt Roberts and Sunnyside

'wells.
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- cLAsS MONOCOTYLEDONAEi‘
' ORDER LILIALES
FAMILY LILIACEAE? L
trcf Liiiacidites SP.IP
_ Pl..l3 Flgs. 163 16uff |
DIAGNOSIS | Monocolpate pollen grains, prolate to per-
'"prolate, lh to HE;L in polar length. Furrow ‘extending - to .
extremities of grain, usually not gaping but well defined
 some’ grains show a slight margo.‘ Sculpture reticulate,
”%becoming flner toward the furrow and end of grain. _Lumina-
_1rregular and angular in shape. y | _ _y o
| | _ REMARKS These grains are morphologically s1milar to‘
.Iithose of Liliagiditgs leei Anderson 1960, but many are 5 to
'lgpb shorter in polar diameter. They are also similar to
,Apgnggetgn as described by Simpson (l96l) but because this
wlatter is strictly an African genus it seems unlikely 1t was
‘7:ever native to North America.“ Because of the cons1derable
..doubt surrounding their botanical affiliation, T have tenta-
| tively assigned them to the form—genus Liliagiditgs though
.,they may well be affiliated with a- family other than Liliaceae.,
OCCURRENCE-f This 1s a very uncommon microfossil found only
'1n a few places in the section in both the Point ‘Roberts and
Sunnyside wells._ Tt also ‘was encountered in several of - the

; Kitsilano Formation samples.,-
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ORDER“PALMALES‘” |

FAMILY PALMAE _

ﬁabal grannngllenites Rouse 1962
|  Pl. 13 Figs. 165-166 |

DIAGNOSIS I"Pollen monocolpate, fus1form in outline,.
'coarsely granulate to weakly reticulate., The single colpae>
bis long and narrow with weak margins.m Size range 28 to 3%/&
"_(Rouse, 1962) S

] has been reported from the

. REMARKS: ﬁahéiff:fit Ltes
"“Eocene Burrard Formation (Rouse l962),lthe Middle Eocene

| ~.‘Allenby Formation (Hills, 1965) and the Paleocene (?) Chuck-

anut Formation (Griggs, l965) P

I OCCURRENCE° ﬁahal is relatively abundant in the lower

I‘I.part of the Eocene section and in the Cretaceous of both the

.»P01nt Roberts and Sunnys1de wells. -

IVORDER*PANDANAhESIJI'
FAMILY TYPHACEAE
e ‘. Ixnha sp-_°
) o Pl. 13 Figs. 167- 168 |
"DIAGNOSIS: Pollen grains small (18 to 22/0 ), irregularly
spheroidal.. Single germ pore, which is often not dlstinct but
usually occurs as a rather irregular hole. Exine is ‘thin and
covered with a fine foam-like reticulation. J
~REMARKS-. These grains appear identical to those of the
extant prha laiiﬁolia which grows in marshes throughout
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. temperate North America,:sometimes abundantly.;,ufﬁff%-v'"“'
OCCURRENCE Iypha has been found in 1ow frequency

_‘ throughout the stratigraphic section represented in ‘the Point

f:Roberts and Sunnyside wells. It is especially abundant in

7~pseveral'Miocene samples from'the Sunnyside well.‘

ORDER_NAJADALES

D -FAMlLY POTAMOGETONACEAE -
‘15552§£éﬁé2535nr“ , .c”f'"f Wodehouse- 193335-
SIS Pl.»l3 Fig.vl69

DIAGNOSIS According to Wodehouse these grains are

g‘"spherOidal, somewhat ellipsoid“zior variously irregular, 16

fto 27. %A& in’ diameter. Exine rather thin and conspicuously
‘reticulate with a coarse network of beaded ridges.f Without |

pores or furrows or vestiges of them;":f,;rf7"u""

REMARKS The specimens here are similar tofthose described

"zby Wodehouse except the upper“ CJC""A’:”‘ 2 @'My speci—
‘-mens are identical to those described by Hills (1965) from
4the Eocene Allenby Formation, Princeton basin, interior British

| ;Columbia.-‘

WOdehouse (1933) remarked}:"It is not known for certain
jwhether they (Egtamggetgn pollen) have a germ pore or not the
absence of which is the only character which distinguishes these
7_vrains from those of ﬁpaxganium and some species of Iynha
However, detailed examination of the reticulate ornamentation

_ .
'indicates that the muri of modern Snarganium grains are not
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always closed, while ngamggetgn appears “to’ always have closed
muri. Furthermore Iypha has a much finer and more delicate
reticulum than either ﬁnarganium or Bgtamggetgn and’ usually .
has a conspicuous germ pore.‘ Because a germ pore. is never -
'-present and the muri. are always closed I have assigned these

: grains to the genus Eotamggejgn
Egiamggeign has been described from a number of Tertiary

. Formations 1ncluding the Eocene Green River, the Middle Eocene

‘Allenby of interior British Columbia and the Miocene Latah
of the Columbla Plateau.,ﬁ._:_ S ‘“l o
OCCURRENCE ' Locally this is an abundant microfoss1l and

is found in both Miocene and Eocene rocks. B

INCERTAE SEDIS
Iriletes sglidus Krutzsch 1959
. Pl 13 ‘Figs. 170 171 _' o

DIAGNOSISII Moderate sized (35 to. 59/& ) trilete spore,
sub- angular, rounded angles.[ Slightly~concave_to slightly
convex interradial areas.f Triletewmark.diStinct,vextending
from‘pole almost to"equator} ;Ornamentation,coarSely warty-
rugtiate. ) .Vtm. . :. o l .

REMARKSr' Krutzsch states this spore oceurs. in the Eocene
of Germany, but its overall stratigraphic range is unknown.
Its botanical affiliation is unknown.-‘ '_ '. _ |

OCCURRENCE: - Only four specimens of this grain were found,

two in the Kitsilano Formation and two at the Sumas Clay Mine.
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Trilete spore (unidentified)
- PlL. 13 Fig. 172

DIAGNOSIS: Trilete spore, subtriangular,-3§/4 s laesurae
extend almost:to equator; coarsely reticﬁlate, lumina essen-
tially round lnstead of angular. |

REMARKS: © This grain looks much like Brochotriletes
_ igxgalatus as described by Naumova (Pbtonié, 1958) from the
Upper De§onian of Russia. It is also similar to Foveasporis
Krutzsch 1959 but is smaller than any of the spedies described
for this genus. However, Foveasporis is found in the Creta-
ceous of Germany. |

Descriptions for both of these genera aré ambiguous and
there iS'apparently overlap of morphological character. Ser-
lous réétﬁdy df»these genera may result in an all-inclusive
term but this is beyohd the scope of this work. The botanical
affiliatioh-éf ﬁhis grain is unknown but it may belong to the
Lycépodophyta.

OCCURRENCE: Only one grain was found, and that from a

core at 10,873 feet (Cretaceous) of the Sunnyéide well.

Deltoldospora. sp.
‘Pl. 13 Fig. 173
DIAGNOSIS: Small (22 to 284 ), tfilete spore. Sub-.
triangular, broadly rounded angles, straight to slightly con-
cave interradial areas. Trilete mark weakly developed, extend-

ing about two-thirds of distance toward equator. Exine very
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weakly and minutely punctate.

REMARKS: This spore 1s similar to Deltoldospors micro-
forma Rouse 1962 but these forms do not have the generally
gaping laesurae which Rousé describes. In size and shape it
is more like D. rhytisma but does not often have the concave
interradial areas which characterize Rouse's 1llustrations.

OCCURRENCE: Only a few of these microfossils were found

in the Miocene and Eocene rocks of the two wells.

‘Deltoldospora  sp-
Pl. 13 Fig. 174

.DIAGNOSIS: Small (20 to 2%/L ) trilete spore. Sub-
triangular in shape, broadly rounded angles, straight to weakly
concave'interradial'areas. Trilete mark weak, extends to
spore equator. Sculpture scabrate.

REMARKS: This grain is similar to Deltoidospora taenia
Rouse 1962, but-is somewhat smaller. Rouse gives a size rangé
for this spécies of 26 to 354 . VNo bétanical affiliation can
be'suggested for this grain.

OCCURRENCE: .Only two épecimens of this microfossil were
found, both in the Toad Lake outcrop.

Monoporate A
P1. 13 Figs. 175-176
DIAGNOSIS: Almost spherical spore, 16 to lZ/L , with one.
very slightly aspidate pore. Exine about 3/2 thick, with no
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thickening about the pore. Exine psilate.
- REMARKS: This is almost certainly a fungal spore, but
no clue as to its affiliation can be presented at this time.
OCCURRENCE: This is not a common grain but it is rather
widespread. It is particularly abundant 1in the Whatcom Quarry
and Dale Creek samples, but has been found in the Miocene sec-

tion of the Sunnyside well.

Monoporate B
Pl. 13 Fig. 177

DIAGNOSIS: Spherical to oval, 17 to 29/L B monoporate
spore. Pore very minute, surrounded by slight sub-exinous
thickening, non-aspidaﬁe. Exihe psilate.

REMARKS: This is undoubtedly a fungal spore, with no
known affiliations. | _

OCCURRENCE: This spore was found only at the base of

the Eocene section of the Sunnyside well.

Monoporate C
Pl. 13 Fig. 178 |

DIAGNOSIS: Small (15 fo l@/w ), oval, monoporate spore.
Pore located at one end, circular, showing slight.thickening
of the exine at pore margins. Exine psilate.

REMARKS:v This is undoubtedly a fungal spore, with no
~known affiliation.

OCCURRENCE: This spore was found only at the base of
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- Fusiformisporites microstriatus n. sp.
Pl. 13 Fig. 179 L

DIAGNOSIS: Oval spore, 42 to 42/L in length. Grain
divided into two cells by a septum in the middle of the grain.
Fine longitudinal°ribs eitend from the poles to the equatorial
septum (which'iS'Verylslightly ¢onstrictéd), Most of these
.ribs terminate at the equator, although occasionally several
may be continuous across it; Thevwall i1s thick and appears
mgranular. | | |

-REMARKS: This form is placed in the genus Fusiformi-.
sporites Rouse 1962 but has much finer grooves than F. crabbii
Rouse 1962. | |

HQLOTYPE£ Siide 14-5-65-3~1 (Whatcom Quarry), coordin-
ates 25.2-118.0.

OCCURRENCE: Apparently restricted in small numbers to

the Whatcom Quarry and Toad Lake samples.

Dingxijﬁﬁ'gzanulainﬁ Rouse 1962
. Pl. 13 Figs. 180~181
DIAGNOSIS: “Pollén'grainé elongate, elliptical to fusi-
form in outline. Diporate with the pores diametrically oppqsed
andvprotruding. Poral costae prominent, several microns below
the porej; the projecting pore appears to be an extension of

the ektexine only. Ornamentation coarsely and densely
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granulate. Size range 45 to 504t " (Rouse, 1962).

Specimens from the Whatcom basin are ldentical to those
described by Rouse except for their larger size. = The size
range here is 50 to 65/&..' | o

REMARKS:_ Rbuse‘has suggested that Diporites granulatus
belongs to the Ohagraceae, but this remains to be verified.

OCCURRENCE: ThiS-grAin occurs in low frequency in the

Kitsilano Formation and most of the outcrop samples.

Dlporites psilatus n. sp.
Pl. 14+ Fig. 182

DIAGNOSIS: Elongate‘spore or pollen grain, elliptical
to fusiform in outline, 55 to 69/L.in length.. Biporate,
pores opposed, slightly aspidate. Poral costae prominent
: with exine ﬁhinner toward pores. Exine 1s psilate.
| -REMARKS{ This gréin is almost identical with Diporites
granulatus Rouse 1962 except for the_charécter of the exine -
and the largef chambers subtending the pofes. ‘Rouse has ten-
tatively suggested these grains belong to the Onagraceae, but
no further clue on affiliation can be offered.

HOLOTYPE: Slide 14-5-65-6-1 (Goshen Coal Mine), coordin-
ates 31.7-117.6. |

OCCURRENCE: This microfoséil has been found'in low fre-

quency in the Kitsilano Formation and other outcfops.
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Diporate A‘
| | PL. 1% Fig. 183
DIAGNOSIS: Large (63 to 6§AL ), irreguiarly oval pollen
(?) grain. Diporate;vpores are small, circular and surrounded
‘by a narrow zone of sub-exinous thickening. Pores are always
‘on the same surface but not always in the same place.  Wall is
thin and always creased.with a number of folds. Sculpture
minutely scabrate. | |
REMARKS: No sﬁggestion‘can be givén as to the probable
botanical affiliation of this grain.
OCCURRENCE: Locally abundant within samples from the

Sumas Clay Mine.

.Diporate B
Pl. 14+ Fig. 184
DIAGNOSIS: Lafge (45 to 5544 ), diporate grain, oval.
- Pores at each end,umarkedly‘aspidate, exine flaring out to
form lips which border the large, circulaf pore. No sub- .
exinous thickening or thinning around the pores. Plane of
weakness cutting through pores.. Althdugh-only a feW‘gfains
of this type were observed, ohe pore 1s always ruptured along
this plane. Ekiﬁe laevigate to slightly.irregular.
REMARKS: This is similar to Diporites g;anulﬁ&us but
in this present form the prominent pdfal costae is abgent.
Furthermore, the exine in D. granulatus iS’"coarsely,énd

densely" granulate. No botanical affiliation can be suggested
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for this grain.
OCCURRENCE: An uncommon grain occurring only in the

Goshan Coal Mine samplés.

Diporate C.
| A Pl. 1k Fig. 185
~ DIAGNOSIS: Large (75 to 85w ), oval, diporate fossil.
Circular, slightly aspidate pore at each end. Sub—-exinous:
thickening around each pore. Grain divided into four cells
by three moderately thick, but simple septa. Nd pores appar-'
ent in septa."Wall psilate. |
REMARKS: No botanidal affiliation can be suggested for
this grain, although the general morphology resembles a fungal
spore. o - | ‘ |
OCCURRENCE: Only several grains of this form were found

at the’Sumas,Clay Mine.

~ Tricolpate A
P1. 14+ Figs. 186-187

DIAGNOSIS: Large (40 to 4%/& ) tricolpate pollen grain.
Colpae about three—fourths total.length of grain, somewhat.
wavy and tending to gape in middle. Exine coarsely retidulate,
becoming slightly coarser at poles and finer toward the colpae.

REMARKS: ©No suggestion can be made as to the botanical
affiliation of these grains, although they héveAbeen found‘in

Tertiary rocks of southwestern Washingtbn (T. Sparks, personal
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communication).
OCCURRENCE: These grains afe foﬁnd in very low occurrence
throughout the Tertlary sequence in both the Point Roberts and

Sunnyside wells.

Tricolpate B
, Pl. 1%+ Fig. 188
_ DIAGNOSIS: Prolate, tricolpate pollen grain, 26 to ZQAL

in polaeriameter. Colpae sharp and tightly closed, extending
“about ﬁhree-fourths length of grain. Exine laevigate.

REMARKS : No_boténical affiliation can be suggested»for
“this pollen grain. v

OCCURRENCE Uthmmon pollen grain, OCCurriné only in the

- Miocene section df'the Point Roberts and Sunnyside wells.

Tricolpate C
| Pl. 14+ Fig. 189

DIAGNCSIS: Sﬁall-(lS toilg/u-),.prolate, tricolpate
pollen gréin.‘ Colpae exténdingvalmost from end to end of .
grain, always tightly closed,‘and showing no sub-exinous
- thickening. Exihe modérately thick, scabrate to minutely
granular. |

REMARKS: No botanical affiliation can be suggested for
this grain.

OCCURRENCE: A moderately common grain throughout the

Mioéene and Eocene rocks of.the Point Roberts and Sunnyside
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wells.

Triqolporate A |
Pl. 1% Fig. 190
DIAGNOSIS: Tricolporate pollen grain, prolate, 23 to
2§/L 1ong."Three colpae extend almost from pole to pole.
Circular'profruding pore 1in center of each colpae. Weak sub-
exinous thickening along'margin colpae. Exine scabrate.
REMARKS: The affiliation of thils grain 1s not known,
but it resembles suﬁerficially some gehera of the family
Cornaceas. | | » -
CCCURRENCE: Not = commonrgrain but does occur in the
Miocene roéks and‘to a lesser extent in the Eocene rocks of

both wells.

Triporate A
P1. 1k Fig. 191

:DIAGNOSIS: ‘Triporate pollen grain, 2§AL in diameter.
Pores moderately aspidate but nature of exine around pores
is not cleafglthere'does not appear to be any thickening of
| éxine around pores."Exine is finely and irregularly striate.

CREMARKS: Only one specimen’was found and its ornamenta-
tion in no way résembles anything I have seen.

OCCURRENCE: One specimen was found in the upper part
of the Kitsilano Formation.
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Acritarch, cf. Micrhystridium?
Pl. 14+ Fig. 192
DIAGNOSIS: Foséil 234 in diameter, no openings in body.
Surfacelis ﬁarty'and bears spiny appendages about 1%/0 long,
about 3/; in diameter at base, tapefing distally to & point.
OCCURRENCE: Only -one specimen.was'found, in a core at
10,873 feet (Cretaceous) in the Sunnyside well. |

Acritarch,-cf, Micrhystridium?
P1. 1k Fig.‘i93'

DiAGNOSIS:' More or less circulér, sometimes irfegularly
folded. Size'range fromv22 to 2%/4,, Ornamented with spines,
usually’5traight but occasionally curved, about-%x4 long.

OCCURRENCE: ' Only one specimen was found in the Miogene

‘section of rocks in the Sunnyside well.

cf. Agjgnina
Pl. 14 Fig. 194

DIAGNOSIS: = These. structures, which range from 65 to 85 e
in diametér arg‘idepticalbto'the cylihdfical plates of cells
described by Martinféhd Rouse.(l966). ‘
. REMARKS}R Dilchner (1963) described similar forms from
the Eocene and placed them in the fungal family Microthyrlaceae,
genus Aﬁjgzina; Similar struétures are illustrated, but not
described by Hills (1265) from the Eocene of interior British
Columbia. o
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OCCURRENCE: - These forms are found in low frequency in

the Kitsilano Formation and other outcrop samples.

Unidentified
o PL. 14 Figs. 195-196
 'DIAGNOSIS:‘ Large (75 t6 8q1L'), circulaf.organig body
of unknown origin. | ' |
OCCURRENCE:v Found in Very 1ow}quantitj in the Kitsilano

Formation.
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