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ABSTRACT

Recent geomorphic and hydrologic environments of a mid-latitude
alpine basin are investigated under the integrative theme of
paleohydrology. The aims of this research are: 1) to characterize the
response of selected biological and geophysical elements to recent climatic
change; 2) to determine the resolution and length of paleoenvironmental
records in the study area; and 3) to ascertain the significance of observed
and inferred environmental change over the Little lce Age interval.

Bella Coola River drains 5050 km2 of glacierized mountains along the
central coast of British Columbia. Biological elements examined on a basin-
wide scale included: tree-growth in temperature and moisture-stressed
environments, damage to trees in glacial and fluvial settings, pollen
variations in a variety of sedimentary depcsits and soil development.
Geophysical elements include primarily glacio-lacustrine and floodplain
sediments, glacier deposits and river channel morphology. A retrospective
strategy was adopted by testing initially for the nature of relationships
between synoptic climate, basin hydrology and element response during the
period of instrument record (1900 AD to present). Inferences about pre-
instrument environments were then made using the proxy data.

Events of several types are characteristically mixed in a response
record. Variations in Douglas and subalpine fir growth, glacio-lacustrine
sedimentation rates, glacier fluctuations and shifting of the Bella Coola
River reflect a combination of persistent and episodically extreme
behavior. Glaciers appear to respond by advancing or retreating after
departures in winter precipitation persistent for several years. Extreme
events, particularly high-magnitude autumn floods, are not exclusively
linked to a particular set of mean climatic departures. This makes

inferences from proxy data such as floodplain deposits and flood-damaged



vegetation difficult. Periods of increased flood frequency are supposéd to
relate to an increase in floodplain sedimentation.

Except in very favorable circumstances, paleoenvironmental methods do
not have the resolution promised. Climatic information recoverable from
tree-ring data'and glacio-lacustrine sediments is of considerably lower
than annual resolution. Statistically based climate models using proxy data
as independent variables produce low levels of explained variance. Proxy
data sources in the basin were largely restricted to the last 300 to 40O
years or Little lce Age interval.

Most glaciers in the basin reached Little Ice Age maxima in the
middle of the 19th century in response to below average temperatures and
above average precipitation between approximately 1800 and 1855 AD. Tree-
ring data and equilibrium line altitudes on glaciers indicate that
precipitation was on average 25 to 30% greater than the 1951-1980 mean.
Inferred below average temperatures in the early 18th century brobably
signaled the beginning of the Little lce Age along the central coast;
however, there was not a major response in glaciers until persistent
positive departures in precipitation occurred. Recession of glacier; from
Little lce Age maxima was slowed by cooler and wetter conditions between
1885 and 1900 AD. The persistence of warmer and drier conditions in the
first half of the 20th century was exceptional in comparison with inferred
climate of the last 330 years. Major floods in 1805/06, 1826, 1885 and 1896

correspond to intervals of increased precipitation.
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Chapter |
INTRODUCTION

It has long been recognized that certain biological and geophysical
components of the environment respond in a predictable manner to external
forces. Remaining evidence of these components allow§ inferences to be made
about the distribution and magnitude of forces in the past. Confident
identification of past environmental settings relies upon some knowledge of
the attendant physical processes, the nature of system responses and how
the system might be affected when certain boundary conditions are altered.
An integrated approach towards understanding environmental change prior to
the period of instrument records utilizes evidence from seQeral
biogeophysical subsystems in order to assess the consistency of results and
to evaluate errors involved in interpretations and related inferences. The
purpose of this thesis is to assess the utility of several methodologies in
the analysis, interpretation and reconstruction of recent hydrological and
geomorphological processes. The test field area is in a mid-latitude,

glacierized alpine basin of west-central British Columbia.

(1.1) Systems Framework

In this work the interactions amongst atmospheric, hydrological,
biological and earth surface processes are analyzed around éhe integrative
theme of paleohydrology. Leopold and Miller (1954) first introduced this
term to describe '"the interaction of climate, vegetation, stream regimen
and runoff obtained under climates different from that of the present'.
Schumm (1965) suggested that the term be '"restricted to that portion of the
hydrological cycle that involves the movement of water [and sediment] over

the surface of the earth . . .". Brown (1982) has proposed that the term be
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even more narrowiy defined as '"the applications of concepts, methods and
models derived from hydrogeomorphoiogical studies to fluvial processes,
sediments and forms of the past'. This latter definition stems from the
frequent emphasis on fluvial processes but is considered here as
unnecessarily restrictive. The common theme in paleohydrological studies is
an attempt to provide a more comprehensive understanding of environmental
settings over longer time scales and with increasing temporal resolution.

It is convenient to view the environment as a system comprised of
several morphogenetic components linked by a series of functional relations
and affected by a set of boundary conditions. Figure 1.1 illustrates four
morphogenetic subsystems of interest in this study: glacial,
glaciolacustrine, fluvial and mass wasting. A set of functional relations
between the atmospheric environment and the earth surface environment can
be defined. These relations are formulated on the basis of exchanges of
energy and mass and are iﬁfluenced by boundary condftions such as
topographic and geologic controls, neotectonics and former glaciation.
Energy from the atmospheric and hydrological components of figure 1.1
drives the system resulting in the redistribution of mass and the formation
of new sedimentary deposits. Inferences about former hydrological settings,
then, are made in the reverse direction from that of the functional
relations.

The transfer of information between the hydroclimatic environment and
any one of the four morphogenetic subsystems identified in figure 1.1 is
subject to a variety of temporal and spatial filtering effects. Deposits
within any of the subsystems integrate the effect of short-term
hydroclimatic processeé, or events, hence have a characteristic low
resolution of the true amplitude and frequency of climatic and hydrologic

variations. For example, maximum advances of ice are frequently marked by
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terminal moraines. However, fluctuations in the direction or rate of ice
movement may be a response to a combination of hydroclimatic changes which
occur over time scales much shorter than the interval required for
formation of the deposit. in contrast, landslides, flood deposits or
subaqueous slope failures may represent “key events’ without reference to a
particular set of departures in long-term mean conditions of hydroclimate.
These two situations, which generally limit the inferences that can be
made, are commonly associated with primary morphological sources of
information and therefore complicate the exercise.

A precursor to successful application of the model in figure 1.1 to
past environments is the interpretation of various morphological components
such as vegetation, soils, surface forms and sedimentary sequences
{Gregory, 1983a). Environmental reconstructions then, can only be made
after absolute and relative dating techniques are accurately applied to
sequences of sediment and preserved landforms which have clearly defined
depositional environments. In this context, a true paleohydrological model

is rarely achieved.

(1.2) Operational Approaches

Brown (1982) suggested that three types of paleocenvironmental
modeling can be undertaken: process, empirical and inferential model
development. A modified version of this scheme discussed here includes
three general categories: (1) process or physical models, (2) empirical

models and (3) inductive models.

Process Models
The most difficult of all three categories is the process model where

the functional relationships between various components of the system are



quantified and grouped to form a general physical model which operates
according to physical and geochemical laws. The model is constructed and
calibrated under modern conditions and then applied to past environments.
The approach is purely deductive and requires quantitative estimates of
input parameters. General circulation models are of this type.

Clarke et al. (1984) utilize a process-model, verified using modern
outburst floods, to estimate former discharges of ice-dammed glacial Lake
Missoula in Washington state. Ice-flow and heat transfer relations are used
as governing equations to predict the size of the subglacial discharge
tunnel. Various parameters such as lake volume, water temperature and ice-
thickness are required input variables. Model similitude and assumptions
regarding ice tunnel geometry and flow resistance remain problematic. Power
and Young (1979), among others, have used an integrated watershed model to
predict future and former runoff from glacier-covered catchments. This type
of model is calibrated against observed flow variations and adjusted
accordingly.

The major assumptions underlying process-models are: (1) all dominant
processes have been identified and contributing factors parameterized, or,
in the case of simulations, unknown but important factors are controlied;
(2) governing relationships are properly calibrated for the expected range
and variance of input data; and (3) the temporal and spatial resolution of
the input data correspond with the calibration data. Violation of the first
or second assumption results in an unreliable model whereas violation of

the third assumption yields unreliable results.

Empirical Models
Though the deductive approach used in process modeling is also the

basis for this second group of models, the underlying physical processes
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are not quantified. A particular set of procesées (rainfall, stream flow,
glacier flow) is related to responses in biological or geophysical
attributes of the environment and then relationships are developed, usually
using statistical techniques. The relations are then inverted to make
predictions of former process based on response chronologies preserved in
the environment. These include the quantitative analysis of vegetation
growth patterns, variability in glaciolacustrine sedimentation, valley or
river channel morphology, paleochannels and fossil fluvial sediments.
Nominal, interval or ratio scale data can be used.

Mathewes (1973) and Mathewes and Rouse (1975) have attempted
qualitative reconstruction of Holocene paleoclimates in the lower Frase}
Valley of British Columbia using paleoecological evidence preserved in lake
cores. Quantitative estimates of temperature and precipitation for the same
area and period were then made using calibration techniques in which the
spatial distribution of‘modern vegetation is calibrated against
contemporary climates (Mathewes and Heusser, 1981). These relations are
then used to formulate transfer functions in order to estimate former
hydroclimatic conditions based on the inferred paleoecology. Two problems
complicate the '"transfer' of these relations derived from spatial
associations. The first is related to the fact that spatial variations in
climate can be greater than those experienced at a particular site through
time. The second is that factors other than the assumed dependent variable
(in this case climate) may explain a significant proportion of the temporal
variance and are not included in the development of the transfer function
(Imbrije and Webb, 1983).

The major underlying assumption in the retrospective application of
empirical models is that an equilibrium has been achieved between a

specific attribute and a dominant process for both the calibration and



application intervals. Certain biological or geophysical attributes may
adjust very slowly to imposed change and thus may not reflect higher-
frequency perturbations in the system. In contrast, adjustments may be
rapid but sensitive only to forces beyond an exceedence threshold and thus
are representative of short-term conditions only.

Linear least-squares statistical techniques are commonly used in the
formulation of empirical models. The application of these relationships for
environmental reconstruction is based on the assumption that the explained
portion of the total variance reflects the primary response characteristic
of the system and that the residual variance is random '"noise'. This
constraint can seriously affect the significance of interpretations from a
linear model if the system is also known to respond significantly to
extreme departures. These less frequent, higher magnitude events become

“key” elements which are lost in the assumption of linearity.

Inductive Models

This category is based primarily on the inductive approach utilizing
site-specific evidence for drawing inferences about former environmentsﬂ
Sedimentary sequences (lithofacies) and the remains or by-products of
biological activity are used to reconstruct a series of possible
environmental conditions. Ordinal and nominal scale data are used
frequently and mostly qualitative results are achieved. Inferences usually
relate to a specific set of environmental conditions such as spatial and
temporal variations in runoff, or the chronology and distribution of
glacier ice movements.

Starkel (1984) has used various alluvial sequences to infer the
character of climate transitions over the Holocene Epoch in central Europe.

Ryder and Thomson (1986) have used several sources of evidence from glacial



deposits throughout southwestern British Columbia to infer the timing and
magnitude of glacial activity in post-Pleistocene time. The application of
several dating techniques is crucial for establishing chronostratigraphic
control both locally and regionally. Preservation of datable materials and
inaccuracies associated with radiocarbon dating become major limitations of
the exercise.

Commonly, particularly for alluvial sediments, the stratigraphic
record represents extreme or “key  events only (e.g. flood deposits).
Erosionél hiatuses or other unconformities may complicate interpretations
if a substantial proportion of the intervening sequence is missing or
otherwise disturbed. In this way a substantially different record of
environmental change may evolve using these data sources. Recognition of
these differences is important for successful model development.

In summary, empirical and inductive approaches, despite their
problems, are commonly employed to draw inferences regarding past
hydrological and climatological conditions in the reverse direction from
that of the usual functional relations. The process-based approach yields
estimates of these functional relations and, then the boundary conditions
énd initial state are changed to approximate former environments. While
initially more attractive, this latter type of model is the most difficult
to develop and still frequently suffers from linear parameterizations which
do not easily accommodate conditions beyond the calibration interval. The
three types of models yield different characteristics of the past
environment, and therefore should be viewed as complementary approaches to

environmental reconstructions.



(1.3) Objectives and Research Strategy

The specific study objectives are:

(1) to identify and relate the response characteristics of
selected geophysical and biological attributes of the study

basin to recent fluctuations in hydroclimate;

(2) to determine the resolution and length of record available
in these attributes and evaluate several methodologies for

inferring the character of past hydroclimates; and

(3) to assess the within-basin and regional (southwestern
British Columbia) significance of measured and inferred

environmental change in the study area.

The primary emphasis is on problems associated with methods used in the
reconstruction of past environments. In particular, consideration is given
to sources of error and the strength of inferences drawn from indirect and
proxy data which may exist in guantitative, semi-quantitative or
qualitative form. Empirical and inductive methods only are considered
because of difficulties in applying and linking existing process-based
models. The study considers the utility of the model presented in figure
1.1 as a framework for drawing inferences regarding recent
paleoenvironments in a mid-latitude alpine basin.

In order to assess critically the real resolution of responses in the
system and to provide a basis for calibration of paleoenvironmental data, a
retrospective strategy has been adopted. This is operationalized by
considering first the relationship between hydrologic variability and
geophysical responses over the period of recent and deiailed instrument

records (post-1945). The relationships are then tested using less detailed
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but long-term instrument records as confirmatory data (1900-19L45) . This
strategy was adopted as a means of assessing the‘strength of inferences
from biogeophysical data in the pre-instrument period. Inferences about
environmental conditions prior to 1900 are then made from the evidence of
biogeophysical attributes alone.

initially, it was anticipated that this methodology would allow for a
resolution of at least annual, or perhaps even seasonal, biogeophysical
responses over the testing period. However, in view of possible persistent
trends in biological and geophysical attributes, it was reasonable to
expect a resolution only on the order of years to decades. The period after
1650 AD defines the study infervél. This was found to be consonant with

preserved evidence. Details are given in the following sections.

(1.4) Data Sources

Biological, and geobhysical data can be grouped and classified on the
basis of temporal continuity, temporal resolution and interval of
application (Bradley, 1985). Some provide only a discontinuous record of
changes and may represent only extreme events (e.g. flood deposits), while
others may appear to give a continuous record (season-to-season, year-to-
year) of changing conditions (e.g. tree-rings). Certain sources are
applicable to time scales of millennia or longer and others may yield data
concerning only recent (decennial, centennial) processes.

The primary data sources for this study can be divided into four
groups of attributes: biological, geophysical, historical and
archaeological, which are based on the most useful indicators of
environmental change in mid-latitude, glacierized alpine basins (figure
1.2) . Biological sources include trees, flowering vegetation and lichen.

Tree ring-width time series possess a resolution of seasonal (late-
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wood/early-wood) to annual (total ring-width) growth variations and are
continuous through time. Damage to trees by discrete events, such as
floods, or more continuous stress, like insect damage, provide some
indication of low-frequency, high-magnitude events but generally these
records are discontinuous. The oldest trees available for sampling are
usually less than 103 years.

Pollen and spores are produced seasonally, and if preserved in
sediments also characterized by a high temporal resolution, may yield a
record of changing pollen contributions and thus ecological variability.
Mostly, pollen is useful for identifying changes over long-term intervals
(10“ years) with a resolution of 50 to 500 years (figure 1.2). Lichen and
soil development can be used to establish relative ages for different
surfaces as old as 10“ years usually with a resolution of 10 to 500 years.
In some instances it may be possible to produce continuous form/time curves
with an absolute temporal reference but they are difficult to achieve,
particularly with soils.

Lake deposits form during an influx of sediment from the surrounding
terrain into a nearly closed system and may represent several time scales
and degrees of continuity depending on sedimentation controls. Low-
frequency, high-magnitude deposits may be the result of isolated runoff
events which occur over a period of hours or days. These sediments are
distributed discontinuously throughout the sequence. Alternatively,
autogenous events may occur, such as density underflows, produced by the
buildup of deltaic deposits which then exceed stability limits. The event
is the consequence of continuous sedimentation, but does not mark an
extrinsic event. However, in a long record the changing frequency of
failures may be significant. If certain runoff regimes'prevail, a

continuous record of seasonal or annual sedimentation might be preserved
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(e.g. annually-laminated sediments or varves). In shallow water away from
primary sediment sources, sedimentation rates may be low and represent long

3

periods of accumulation (102- 10° years).

Glacial sediments are generally deposited discontinuously over time
scales commensurate with the response time of the ice to changes in
accumulation and ablation (101-102 years) . A record as old as 10“-105 years
may be present if sediments are well-preserved. Valley-fill sediments,
downstream from the headwater source areas,Aalso represent discontinuous
sedimentation over longer time scales but may incorporate sequences
deposited during short-duration floods.

in addition to biogeophysical sources, information related to human
activity can provide indirect evidence of environmental change (figure
1.2) . Data regarding annual or semi-annual changes and extreme short
duration events are most common. For western Canada written records prior
to the middle and late 1B00s are rare. Indian legends and archaeological

evidence are also useful, although they are less direct indicators of

environmental setting.

(1.5) Organization

This dissertation is composed of eight chapters. The organization is
based on a format for assessing the quality of information transfer from
the hydroclimatic environment to the earth surface environment in order to
reflect the main objectives. Chapter 2 is a summary of the general physical
setting of the Bella Coola River basin and characterization of primary
sediment sources in the basin. Chapter 3 is a discussion of variations in
‘several hydrological attributes of the recent and long-term instrument
period (1900-1983). Chapter 4 documents the relationships between these

recent forcing factors and the response of selected geophysical components
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of the landscape. The discussion is restricted to the post-1945 interval
for which there are several types of direct records of environmental
change. Chapter 5 is devoted to the interpretation and significance of a
high-resolution record of lake sedimentation rates as an independent source
of information about environmental change. Chapter 6 is an investigation
of the response of growth variations in trees, and an assessment of tree-
rings as a source of high-resolution data in environmental reconstruction.
Chapter 7 is a discussion of low-resolution data sources and interpretation
of hydroclimatic variability during the late Neoglacial interval. The
regional significance of the reconstructed records is also considered. A
summary of results and conclusions is given in Chapter 8. Data not
presented in the main text, plus additional topics and analyses, are given

in the appendices.
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Chapter It
STUDY AREA

(2.0) Location

Starkel and Thornes (1981) suggest that selection of a drainage basin
for paleohydrological analysis should be based on the availability of data
regarding landscape morphology, process mechanics and earth surface
materials. In addition, long-term instrument records of recent hydrologic
change are essential for quantitative reconstructions. In British Columbia
there is no basin which fits these criteria well. Bella Coola River basin,
a partly glacier-covered catchment located on the central coast,
approximately 500 km northwest of Vancouver (figure 2.1), was selected
because of the availability of recent hydroclimatic data, comparatively
early historical records of environmental conditions and the potential for
preservation of paleoenvironmental evidence in upland source areas and
lowland floodplains. Accessibility, basin size and the existence of several
preliminary studies concerning physical processes and recent environmental
change in the basin (Tempest, 1974; Church and Russell, 1977; Hart, 1981a;
Church, 1983) were additional factors.

Bella Coola River drains 5050 km2 of the glacierized Coast Mountains
of southwestern British Columbia. Two tributaries join to form Bella Coola
River (figure 2.2): the larger Atnarko River (2,430 kmz) originates in
gently sloping, uplifted terrain to the east, and Talchako River drains
1300 km2 of heavily glacierized mountains to the south. Several smaller
tributaries enter the 80 km long Bella Coola River as it flows west to
enter North Bentinck Arm (figure 2.2), an inland extension of the Burke
Channel and Dean Channel fiord system. Approximately 7% of the catchment is
covered by cirque, niche and valley glaciers concentrated in rugged

mountainous terrain in the southwest. Two major valley glaciers, Talchako
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and Jacobsen, along with several smaller north-flowing ice masses, emanate
from the Monarch lcefield (total area 350 ka) which straddles the

southwest basin perimeter for a distance of L5 km.

(2.1) Physiography

Three different physiographic regions as defined by Tipper (1971a)
and more generally by Holland (196k4) can be delineated in Bella Coola
basin. To the south of Bella Coola River and west of Talchako River are the
rugged, deeply dissected Pacific Ranges of the Coast Mountains, extending
from sea level to altitudes greater than 3500 m (figure 2.2). The highest
peaks bisect Monarch lcefield, some of which are visible only as nunataks,
ranging from 2500 to 3500 m. Local relative relief is similar throughout,
averaging 1400 to 1600 m. Drainage directions are dominantly eastward or
northward resulting in slope aspects which exhibit a strong bimodal
distribution of north/soﬁth or east/west and a comparatively high mean
slope angle of 27 degrees.1

Mountains of the Kitimat Range to the north of Bella Coola River and
west of Noosgulch Creek (figure 2.2), rarely exceed maximum elevations of
2500 m. Valley bottoms tend to be wider, average relative relief is lower
(1000 m) and the mean slope angle (220) smaller than those in the Pacific
Ranges. Although restricted to headwater regions, landforms typical of the
glacial eroded landscape to the south are also found in the Kitimat Range,
including U-shaped valleys, cirques, horns, arétes, hanging tributary

valleys and several tarns.

1. Mean slope angle was determined as the average of 300 grid-points
sampled systematically from 1:50,000 topographic sheets for each
physiographic region. A representative slope distance was defined as 3
100-foot contours measured perpendicular to the slope (except in low-
gradient valley bottoms where +2 was used). Two sub-samples of 50 grid-
points each demonstrated that biases due to grid-spacing and orientation
were not significant.
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Contrasting with these two regions is the uplifted and less rugged
Fraser Plateau which dominates terrain to the east of Talchako River and
Burnt Bridge Creek. Gently undulating and hilly topography (mean slope
angle = 70) characterizes this region in which the average elevation is
higher (1300 m) than valley bottom locations to the west. Average relative
relief is lower (4OO m) than elsewhere in the basin resulting in the
formation of hundreds of small lakes along principal drainage lines and on
poorly-drained, low-gradient terrain. Charlotte Lake is the largest,
covering approximately 65 km2 (figure 2.2). Drainage from the plateau is
concentrated in only a few major streams (Atnarko R., Hotnarko R., Young
Cr., Burnt Bridge Cr. and Hunlen Cr. - see figure 2.2) which either have
cut deeply into the easily eroded volcanic rocks forming precipitous
canyons for tens of kilometers or, where rock types are more resistant,

formed waterfalls with vertical drops as large as 250 m.

(2.2) Bedrock Geology

Physiography and drainage patterns of the Bella Coola basin are
influenced by a diversity of rock types and geologic structures
characteristic of the Coast Plutonic Complex and Intermontane Volcanic Belt
of the western Canadian Cordillera. The geologic setting of the study area
described below fits the general pattern of the east slope of the Coast
Mountains (cf. Roddick and Hutchinson, 1972).

The geology of the Bella Coola area has been mapped in detail by Baer
(1973) and more generally by Tipper (1979) (figure 2.3). The oldest rocks
are middle Triassic plutons of quartz-diorite and granodiorite in the
southeastern portion of the catchment and on the north flank of Bella Coola
River near Stuie. Metamorphism of varying intensities has generated

gneissic and schistose foliation in some of these rocks, particularly in
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Figure 2.3 Distribution of bedrock lithologies in the Bella Coola basin (after Baer (1973)
Tipper (1979)). Triangles are sampling locations used to characterize lithological and
mineralogical attributes of sediments derived from tributary basins. '
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the headwaters of Atnarko River. Volcanic, metavolcanic and sedimentary
rocks (Triassic to lower Cretaceous) characterize the central and southern
portions of the catchment comprising chlorite-rich greenstone and andesite.
The volcanics exhibit widely scattered shear zones occupied by slate and
argillite.

Eocene quartz-monzonites and granodiorites have intruded these older
volcanics and form competent, steepened slopes where present. Joint spacing
is wide and fracture density is low in these younger plutonic rocks; thus,
the quantity of weathered debris is low and the texture is usually large
blocks of angular debris. Miocene vesicular basalts and rhyolites are found
in the extreme northeast marking the boundary between recent plateau
basalts derived from a set of three shield volcanoes of the interior region
to the east, and the older volcanic and plutonic rocks which dominate the
west (Souther, 1986). Table 2.1 is a summary of the principal formations,
rock types and constituent mineral assemblages found in the Bella Coola
basin.

Topographic expression of structural features and formation
boundaries is not well defined in the region. Baer (1973) attributes this
to the similarity of mechanical properties (e.g. hardness, jointing) for
most rock types. Orientation of individual ranges is not consistent
throughout the area except for the regional northwest trend of the Coast
Plutonic Complex. Faulting does not appear to be common although relative
displacements in volcanic rocks are difficult to observe. Baer (1973)
mapped two dominant fault directions, northerly and northeasterly, both of
which separate the older chloritized greenstone and granodiorite from the
younger andesites.

Uplift has occurred during two orogenic events: a iess severe Lower

Jurassic event and a stronger period of Uplift in the late Tertiary. Baer



Table 2.1. Summary of formations and constituent mineral assemblages of rock types
found in the Bella Coola basin after Baer (1973) and Tipper (1979).

Era Period

Lower/

Pliocene
Upper/
Miocene

Cenozoic

Eocene

Eocene/

Paleocene

Lithology

rhyolitic lava

vesicular basalt

quartz monzonite

granodiorite

Minerals

very fine-grained mafic minerals

occasional obsidian

fine-grained mafic minerals

small amygdaloids

20-302 quartz and 35-457 pagioclase
k-spar as high as 352

biotite, hormblende and muscovite

25-302 quartz and 40-607 plagioclase
minor k-spar, biotite is the only

mafic mineral

Cretaceous/

Jurassic

Middle
Jurassic

Mesozoic

Lower

Jurassic

Middle

Triassic

andesite flows

and agglomerates

black slate/
argillite

greenstone

quartz diorite

fine-grained plagioclase and minor
k-spar
plagioclase phenocrysts, 1-5 mm long

minor epidote and quartz infilling

fine-grained phyllosilicates with
occasional microconglomerate or grit

with pebbles of quartz monzonite

subhedral to anhedral plagioclase
(<0.5 mm)
fine grained matrix of chlorite,

hornblende, epidote

up to 35% anhedral quartz and
small amounts of k-spar
plagioclase, biotite, hornblende,
epidote and minor chlorite
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(1973) and Parrish (1982) have attributed most of the present geologic
structures to the latter event. Rock shoulders on the eastern flanks of the
larger massifs along Talchako River have been interpreted as remnants of a
Tertiary erosion surface which extends eastward as the Fraser Plateau.
Uplift, estimated to be as much as 1800 m (Souther, 1977, 1986), warped the
erosion surface and realigned the drainage such that the Atnarko and
Talchako Rivers, which were thought to flow eastward from a divide centered
along the axis of the Coast Mountains (Tipper, 1971a, 1971b), are supposed
to have been captured by knick point incision of a rapidly growing,

orographically-fed, Bella Coola River (Baer, 1973).

(2.3) Late Quaternary Geology

The major valley/fiord systems of British Columbia have been deepened
by multiple glaciations. The severity of Wisconsinan glacial activity near
the end of the Pleistocene has precluded the preservation of ice-contact
materials dating from events earlier in the Quaternary. However, the entire
B.C. coast probably experienced ice-advances essentially synchronous with
the chronology identified for the southern coast (Armstrong, 1981).

Deteriorating climaté following the Olympia non-glacial period
resulted in the advance of ice (28,000 - 15,000 years B.P.; Clague, 1981).
lce flow was from major accumulation areas along the axis of the Coast
Mountains. From here ice spread both east and west, initially occupying
major valleys and fiords until ice thickness exceeded the local relief,
resulting in flow directions less dependent on the underlying topography
(Clague, 1981). Erratics found on the shoulders of extinct active shield
volcanoes (Rainbow, |lgachuz and |tcha Mount