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ABSTRACT 

Owen, R.M. and Moore, J.R., 1978. Textural and mineralogical variations in the surficial 
sediments of Chagvan Bay, Alaska: some stratigraphic implications of a subarctic bay. 
Mar. Geol., 28: 145--161. 

The surficial sediments of Chagvan Bay consist of: (1) coarse-grained (--3 ~ to --2 ~) 
lithic fragments of dunites, diorites and sandstones; (2) fine sands (2--3 ~) composed of 
quartz and feldspar; and (3) coarse silts (4--5 ~) composed mostly of quartz. The lithic 
fragments primarily result from wave erosion of the coastal bluffs, while the fine sands are 
transported into the bay by tidal currents and the coarse silts by fluvial currents. During 
successive ebb tides tidal currents remove most or all of the newly deposited material and 
tend to maintain a balance between erosion and deposition. 

The texture and mineralogy of the bay deposits are primarily controlled by provenance. 
Inasmuch as most of the sedimentary particles are being supplied at present and the disper- 
sal of the surficial sediments reflects the present configuration of distributor processes, the 
sediments are classified as "neoteric". 

Benthic epifauna are present only in relatively low-energy depositional areas, although 
other parts of the bay offer a similar environment. For this reason, it is postulated that 
the distribution of benthic organisms is influenced by the scouring activity of currents. 

Although there is seasonal ice-cover, the sediments rapidly acquire characteristics 
which reflect the energy regime during the ice-free period and form a hydraulically 
graded profile. It is concluded from this that the sediments are always at or near an 
equilibrium state, and that this situation should lead to a diastem or unconformity in the 
stratigraphic record. 

INTRODUCTION 

T h e  s t u d y  of  m o d e r n  m a r i n e  s e d i m e n t s  is c o n c e r n e d  w i t h  p r o v i d i n g  d e t a i l e d  
c h a r a c t e r i z a t i o n s  o f  such  s e d i m e n t s  a n d  t h e i r  r e l a t i o n s h i p s  to  each o t h e r  a n d  
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to the depositional regime. This information is applicable to the traditional 
scientific objectives of discovering criteria for interpreting ancient deposits 
and reconstructing paleoenvironments, and is often pertinent to immediate 
practical requirements, such as augmenting mineral exploration programs and 
providing environmental baseline data. All of these considerations have led to 
an intensification in the study of modern marine deposits during the last 
decade (Ferentinos, 1976). However, large gaps still remain in our knowledge 
of certain regions. One geographic region which has received little attention is 
the southwestern coast of Alaska. The several Holocene bays which indent 
this coastline, such as Chagvan Bay, are essentially virgin territories for scien- 
tific investigation. Moreover, Chagvan Bay and other bays along this coastline 
contain either known or suspected placer-like accumulations of noble metals 
in the surficial sediments {Moore, 1972; Moore and Welkie, 1976; Owen and 
Moore, 1976). The objectives of this study were to determine the textural 
and mineralogical characteristics of the surficial sediments of Chagvan Bay, to 
relate this information to the depositional processes and to consider the 
stratigraphic implications of these deposits. 

PHYSICAL SETTING 

Relief and regional geology 

Chagvan Bay (Fig.l) is located in the southwestern corner of Alaska and 
forms part of the southeastern coast of the Bering Sea. Local relief includes 
several abrupt peaks and deep valleys which are primarily the result of 
Quaternary glaciation. Except for a tidal channel, about 500 m in width, the 
western boundary of the bay is separated from the Bering Sea by a narrow 
spit (Fig.2). Coastal bluffs, consisting of unconsolidated glacial debris and 
outwash deposits, form the northern, eastern and most of the southern boun- 
daries of the bay. Cliffs of weathered bedrock form the remainder of the 
southern shoreline. Fluvial input into Chagvan Bay is mainly from the 
Kinegnak River. Other stream channels which drain into the bay are active 
only when transporting meltwater from the surrounding mountains. 

 AL'?A t 

Fig.1. Map showing location of Chagvan Bay in relation to the Bering Sea Coast of Alaska. 
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Fig.2. Chagvan Bay and the surrounding area. L ine ab is the app rox ima te  b o u n d a r y  
between the spit deposits and the older bluff deposits. Lines xy and x'y' are the approxi- 
mate boundaries between the bedrock cliffs and the bluff deposits along the southeastern 
coastline. 

Outcrops in the study area range in age from Late Paleozoic to Tertiary 
(Mertie, 1940). These are chiefly massive, altered volcanic rocks, black and 
greenish-black serpentinized dunite and peridotite, massive to thin-bedded 
siliceous sandstone and chert, with lesser amounts of calcareous siltstone, 
fine-grained graywacke and limestone (Hoare and Coonrad, 1961). The bed- 
rock is generally covered with unconsolidated preglacial sediments composed 
of deeply weathered gravel, sand, silt and clay. These deposits are, in turn, 
covered with a layer of glacial drift which reflects four distinct periods of 
glaciation: the uppermost level of glacial drift has been dated at 8910 +- 110 yr 
B.P. (Porter, 1967). The surface layer of sediment is approximately 60 m 
thick and consists of unconsolidated postglacial outwash deposits covered with 
a mat of tundra vegetation. 

Noble metal placers, particularly platinum, have been mined in the lower 
Salmon River Valley, about 20 km north of Chagvan Bay, since 1934. The 
platinum occurs mainly on the surface and in the crevices of bedrock, but is 
also present in the lower 1 m of the overlying gravel (Mertie, 1976). The 
mining history and general and economic geology of this region have been 
extensively reported by Mertie (1940; 1969; 1976). Small zones of platinum 
enrichment (0.03--0.5 ppm) above baseline levels (<0.01 ppm) also occur in 
the modern sediments of Chagvan Bay (Owen and Moore, 1976) and in the 
nearshore surflcial sediments of the Bering Sea adjacent to the bay (Moore 
and Welkie, 1976). The spatial extent and value of platinum in these modern 
deposits has yet to be determined. 
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Hydrography 

Chagvan Bay is a shallow tidal estuary. No comprehensive hydrological 
data are available, although a series of current velocity and tidal range 
measurements made during the summers of 1973 and 1974 do delineate the 
gross hydrological features (Owen, 1975). These measurements indicate that, 
at least during the summer months, a predominantly southward-flowing 
littoral current (1--2 m sec-') occurs along the Bering Sea coast. A general 
southward flow is also suggested by the well-developed spit at the entrance to 
the bay. Within the bay, the tidal channel extends northeast approximately 
one-third of the distance along the principal axis. Tidal current speeds are 
relatively strong in the bay mouth (2--3 m sec-') and considerably diminished 
in the bay proper (0.5--1.0 m sec-'). The path described by the tidal current 
within the bay forms a counterclockwise gyre which remains close to the 
southern shore before bending north in the upper reaches and finally turning 
southwest and flowing parallel to the northern coast. This counterclockwise 
pattern is typical of semienclosed basins in northern high latitudes (von Arx, 
1967). 

The tides are mixed-semidiurnal and the maximum tidal range at the bay 
mouth is about 2.5 m. The mean water depth in the bay is about 2 m at mean 
high tide. Except for the tidal channel, the bay is almost entirely drained at 
low tide. Observations of the flow from the Kinegnak River at low tide show 
that it follows a relatively straight path which extends from the mouth of the 
river and joins the tidal channel. The current in the Kinegnak River was 
measured at 0.5--1.0 m sec-' in July of 1974; however, it is probable that  
current speeds are considerably higher than this when the flow is augmented 
by snowmelt earlier in the spring. Average summer wave heights along the 
Bering Sea coast and within Chagvan Bay are 2 m and 1 m, respectively. The 
coastal bluffs surrounding the bay are being actively eroded by wave action. 

METHODS OF STUDY 

Surficial sediment samples (Fig.3) were collected using a pipe dredge 0.5 m 
long with a cross-sectional area of about 250 cm 2 . The pipe dredge was 
lowered over the stern of a 5-m boat, while drifting, allowed to penetrate the 
sediments and was immediately recovered. The average penetration depth was 
10 cm and the average sample size was about 2 kg. Because of the small size 
of the boat and the relatively shallow depths of water, this method of obtain- 
ing grab samples was found to be more convenient than conventional grab- 
sampling techniques. Sample stations were located through triangulation with 
physiographic highs serving as fixed navigation points. 

Prior to analysis each sample was air-dried in a dust-free environment. 
Clumps of sediment which formed during the drying process were lightly dis- 
aggregated with a rubber stopper. A sample splitter was used to obtain similar 
subsamples for each type of analysis. The textural analysis was according to 
the methods described by Folk (1974). The samples were sieved at 0.5 
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Fig.3. Location of  samples analyzed in this study. Samples were collected with a pipe 
dredge which had an average penetration depth of 10 cm. 

intervals and thereby divided into the various grain size classes (Wentworth, 
1922) ranging from --3.5 to 4.5 ¢. A pipette analysis of samples which had a 
fraction finer than 4.5 ~ showed that this fraction did not contain more than 
1.5% of material finer than 5.0 ¢. Moment statistics of the size frequency 
distribution were calculated using the computer program described by 
Coakley and Beal (1972), which was modified slightly to be compatible with 
the University of Wisconsin computer system. 

Standard petrographic techniques were used to identify mineral grains of 
all sizes in thin sections, and at least 200 grains in each sample were counted. 
The various minerals were grouped into seven compositional classes: 
(1) quartz--feldspar, (2) micas, (3) amphiboles, (4) pyroxenes, (5) lithic frag- 
ments, (6) opaques and (7) "others" (all other minerals). 

Grain roundness analyses of quartz and feldspar grains were done according 
to the visual comparison method developed by Powers (1953). 

RESULTS 

A complete tabulation of data for individual samples is given in Owen 
(1975). The results of the various analyses are summarized here in contour 
charts and classification diagrams. 

Sediment texture 

The sediments of Chagvan Bay range from black, coarse silts to clean, 
washed gravels and boulders. Shell fragments of Mytilus edulis and Cryptoma 
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californica and live organisms of  the latter were present in several samples 
taken from the quiescent zone behind the north spit. In general, however, 
there is a notable lack of  benthic epifauna associated with the bay deposits. 

Visual inspection of  grain-size histograms (not shown) indicates 19% of the 
samples are unimodal, 64% are bimodal and the remainder are trimodal. The 
gravel (--3 to --2 ¢), fine sand (2--3 ¢) and coarse silt (4--5 ¢) size classes 
contain major modes at abou t - -2 .7 ,  2.5 and 4.5 ¢, respectively. Five distinct 
sediment textural facies are present: gravels, sandy gravels, sands, silty sands 
and gravelly silts (Fig.4). The nearshore depositional areas are generally com- 
posed of sandy gravels except at the mouth of the bay, near the outlet  of  the 
Kinegnak River and along the shoreline in the upper half of  the bay. Sandy 
gravels also occur in the tidal channel and grade into sands in the central por- 
tions of  the bay. Gravelly silts are present at the mouth of the Kinegnak 
River, and from here they form two tongues of  sediment which run parallel 
to the eastern and western shoreline, respectively. Each of these tongues is 
separated from the shoreline by a zone of  sandy gravels and both grade into 
silty sands in the middle of  the bay. The distribution of  unimodal facies is 
limited: gravels occur only on either side of the bay mouth and sands are 
primarily limited to an elongate patch in the southwestern portion of  the bay. 

Contour charts of  the mean grain size and sorting values are shown in 
Figs.5 and 6, respectively. The information that can be inferred from these 
parameters is somewhat  limited because of the high degree of  multimodali ty 
of the sediments. Multimodal sediments generally consist of different sub- 
populations and the grain-size distributions of these subpopulations are often 
superimposed (Spencer, 1963). For this reason, the grain-size statistical para- 
meters of multimodal sediments tend to vary in a complex manner with the 
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Fig.4. Distribution of five major facies present in Chagvan Bay sediments. Sediments are 
classified according to the Folk (1974) classification scheme. 
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Fig.5. Mean grain size of surficial sediments, showing gradation from coarse to fine sedi- 
ments along observed current directions; i.e., from bay mouth to head of tidal channel and 
from outlet of Kinegnak River toward bay mouth along northeastern coastline (see also 
Fig.6). 

Fig.6. Sorting of bay sediments, showing gradation from very poorly sorted to moderately 
to poorly sorted sediments, extending from nearshore areas to the central portions of the 
bay; well-sorted sediments occur only at the head of the tidal channel (see also Fig.5). 

size and proport ion of  the modes present (Slatt, 1975). Although the high 
degree of multimodality limits the interpretive value of  the mean and sorting 
parameters, an examination of  Figs.5 and 6 is nevertheless instructive. For 
example, the mean grain size displays an obvious gradation from coarse to 
fine sediments extending away from the coast. This trend is particularly well 
defined in two locations where it runs parallel to observed current directions: 
(1) along the main axis of the bay from the bay mouth  to the head of the 
tidal channel; and (2) from the outlet  of  the Kinegnak River toward the bay 
mouth along the northwestern coast. Furthermore,  using the descriptive 
nomenclature suggested by Folk (1974), it is observed that moderately sorted 
and well-sorted deposits occur only in the tidal channel, while nearshore 
sediments are very poorly sorted and grade into moderately to poorly sorted 
sediments in the middle of the bay. Thus, both the mean and sorting para- 
meters indicate that the sediment surface represents a hydraulically graded 
profile (Booth and Gorsline, 1974), and the significance of  this with respect 
to depositional energy levels in the bay will be discussed in a subsequent 
section. 
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Sediment mineralogy 

Mineral grains in thin sections were identified to establish a framework for 
the compositional classification of  the sediments, to relate bay sediments to 
source areas and to provide corroborative data in support  of  interpretations 
drawn from the textural analyses. Quartz--feldspar and lithic fragments are 
the predominant  mineralogical groups and together account for more than 
75% of the grains identified in most samples. Minerals in the pyroxene group 
(0--11%) are primarily augite, diopside, enstatite and hypersthene. Biotite, 
muscovite and, to a lesser extent, chlorite are the main constituents of the 
mica group (0--15%). Hornblende is the major component  of the amphibole 
group (0--8%), and the opaque minerals (0--10%) are primarily magnetite and 
chromite. 

A compositional classification (van Andel, 1958) established that the sedi- 
ments are the clastic equivalents of  graywackes or subgraywackes, with a few 
assigned to the subarkose category (Fig.7). The lithic fragments have a broad 
composit ional range: sandstone, diorite and dunite fragments are most 
common,  while lesser amounts of siltstones, conglomerates and tuffs are also 
present. The dunites, characterized by greenish-black olivine crystals, often 
show alteration to serpentine, undulatory streaks of  pyroxene and thin vein- 
lets of  opaque minerals. Plagioclase is dominant  within the feldspars, although 
some orthoclase and perthite grains are usually present. 

Grain roundness 

The majority (96%) of  the samples were classified as subangular and the 
remainder as subrounded. However, the subrounded class is contiguous to the 
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Fig.7. Pet rographic  classification of  the  sed iments  (after van Andel ,  1958).  Types are as 
fol lows:  Q = quar tzose  sand;  SG = subgraywacke;  G = graywacke;  SA = subarkose;  and A = 
arkose. The compos i t i on  of  the sed iments  is similar to tha t  o f  material  in local source areas 
(Hoare and Coonrad ,  1961).  
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subangular class in the Powers (1953) classification scheme, and the presence 
of a few subrounded samples is not  regarded as significant because the 
accuracy of  grain-roundness data is so low that results may be in error by a 
whole roundness class (Blatt et al., 1972). 

DISCUSSION 

Textural and mineralogical relationships 

The mineralogy and texture of modern sediments is controlled by proven- 
ance and/or by selective sorting of different grain sizes (Folk, 1974). The 
influence of  both  of  these factors is observed in Chagvan Bay deposits. A 
careful examination of  the thin sections shows that no appreciable amount  of 
physical or chemical alteration of the detrital fragments has occurred. Further- 
more, because of  the overall low degree of roundness of the samples, it is 
assumed that mechanical abrasion has not  noticeably reduced the size of 
individual grains. At most it appears that mechanical abrasion has produced a 
disaggregation of some mineral grains from the lithic fragments. In addition, 
because the rate of  diagenetic alteration is proport ionate to the surface area 
of  individual grains (Moore, 1968), the relatively low surface area to volume 
ratio of the lithic fragments minimizes this effect. The sediments are immature 
on a geological time scale, and physical and chemical factors have not  yet  
altered the mineralogy or texture of  individual grains wi~h respect to prove- 
nance. The lithic fragment mineral components  and internal grain texture are 
consistent with that  of the outcrops in the Chagvan Bay area, i.e. the lithic 
fragments are dunites, sandstones and diorites. 

Observed textural--mineralogical relationships are the result of provenance. 
Lithic fragments are predominant in the principal gravel mode (--3 to --2 4) 
and quartz and feldspar grains are predominant in the fine sand mode (2--3 4). 
Comparison studies of  the trace-element geochemistry of  the principal gravel 
and fine sand modes with detrital material from apparent source areas around 
Chagvan Bay have shown that these two modes are derived from the coastal 
bluffs and Bering Sea shelf, respectively (Owen, 1975; Owen and Moore, 
1976). Identifiable grains in the coarse silt mode (4--5 4) from the Kinegnak 
River are composed primarily of quartz. 

Feldspar in well-sorted marine sands is primarily found in the 2--3 4 size 
fraction (Folk, 1974). Although Chagvan Bay sands are not  well sorted, this 
textural--mineralogical relationship is still observed. 

Source areas and dispersal patterns 

The multimodal character of  the bay deposits causes the dispersal patterns 
of  sediments which comprise the principal grain-size modes to be obscured in 
the contour  chart of  mean grain size (Fig.5). For this reason, contour  charts 
of the principal grain-size modes are shown (Figs.8--10) to provide a more 
informative representation of  sediment dispersal patterns and grain-size 
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Fig.9. Distribution of fine sands (2--3 ¢) in Chagvan Bay; principal mode occurs at about 
2.5~.  
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Fig.10. Distribution of coarse silts (4--5 ~) in Chagvan Bay; principal mode occurs at 
about 4.5 ~. 
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variations. These dispersal patterns are strongly influenced by the tidal cycle 
and, particularly when the bay is drained during low tide, by river flow. 

Sediments which comprise the principal gravel mode (--3 to --2 ¢) decrease 
in concentration from the mouth  of the bay to the head of the tidal channel 
in the southern half of the bay, and from coastal sources to the middle of the 
bay in the northern half of the bay (Fig.8). In each case it is assumed that  the 
direction of decreasing percentage of material in this modal size, seen in Fig.9, 
is indicative of the transport direction (Booth, 1973; Slatt, 1975). A gravel 
bar at the southern tip of the bay mouth  is the primary source of gravels 
found in the lower half of the bay. Gravels are eroded from this bar by waves 
and tidal currents and deposited within the tidal channel. However, this 
erosion cannot occur until the water level is sufficiently high to fill the tidal 
channel and cover its flanks. This situation exists only for about 6 hr, between 
the end of the flood-tide cycle and the beginning of the ebb-tide cycle, and 
this period does not  correspond to the time of maximum current speed in the 
channel. Thus, it is likely that most of the eroded gravels are transported 
toward the head of the tidal channel during subsequent flood tides when the 
water is still confined to the channel and current speeds are relatively high. 
The decreasing concentration of gravels away from the bay mouth  reflects 
the decreasing competence of the tidal current to transport this coarse 
material. During ebb tide the tidal current is subject to a funneling effect as it 
approaches the bay mouth.  This effect restricts the outflow speed to 0.5-- 
1.0 m sec -1 until the cross-sectional area is reduced -- about 2 km east of the 
bay mouth  -- where the speed increases to 2--3 m sec-' .  Thus, the ebb current 
is sufficient to affect seaward transport of gravels deposited at the mouth  of 
the tidal channel, while gravels deposited in the head of the tidal channel are 
well within the zone of lower current speed and any transport of gravels from 
here back toward the bay mouth  would be minorl Unfortunately,  no current- 
velocity data are available for Chagvan Bay for the period immediately follow- 
ing ice-melt, and further studies are needed to determine if the gravels 
deposited at the head of the tidal channel are transported seaward when the 
ebb current is augmented by river flood. 

Gravel concentrations in excess of 10% form a continuous zone paralleling 
the shoreline in the northern half of the bay. The north--south limits of this 
zone are defined by the 10% contour line (Fig.8), and correspond closely 
with the junction of glacial deposits and spit deposits on the western coast 
and of glacial deposits and bedrock outcrops on the eastern coast (Fig.2). The 
shoreline adjacent to this zone is being actively eroded (Owen, 1975) and the 
gravels here result from the deposition of wave-eroded material from the 
glacial bluffs. 

Fine sands (2--3 ¢) in Chagvan Bay (Fig.9) are derived from the adjacent 
nearshore shelf sediments in the Bering Sea and from beach deposits along the 
Bering Sea coast north of the bay, such as those which have produced the 
spit which forms the western boundary (Owen, 1975). Previously, an at tempt 
was made to determine if the shelf and beach sediments do, in fact, represent 
a single or separate source areas by analyzing samples from both locations for 
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a variety of  physical and geochemical properties (Owen, 1975, 1976; Owen 
and Moore, 1976). These studies showed that there is no basis for considering 
these locations as separate source areas. The southward-flowing littoral current 
along the Bering Sea coast transports fine sands toward the bay mouth  and 
from here they are transported into the bay by the tidal current. The disper- 
sal pattern of fine sands in the bay is consistent with the observed counter- 
clockwise path of  the tidal current. Minimal concentrations of  fine sand occur 
where current velocities are greatest, i.e., in the tidal channel and along the 
shoreline, while the highest concentrations occur in the deeper central 
portions of the bay. Because of the highly mobile character of fine sands, 
deposition in the central portions of  the bay probably occurs during slack 
tide, when the tidal current velocity is at a minimum. 

Coarse silts (4--5 ¢) are transported into Chagvan Bay from the Kinegnak 
River and are primarily dispersed in the upper half of  the bay (Fig.10). Silt 
deposition is favored when the bay is drained of  sea water, which produces a 
river-dominant situation (cf. Wright, 1977) where the shallow depths immedi- 
ately basinward of  the river mouth  enhance the effects of  bed friction, 
causing more rapid deceleration and lateral expansion of  the river flow. The 
silts are present as a minor facies at the river mouth  owing to the abundance 
of  gravels here (Fig.8). The highest concentrations of  fluvial-derived silts 
occur beyond the zone of gravel deposition, about  I km seaward of the river 
mouth,  where they are mixed with fine sands and form the predominant 
facies in the central bay sediments. 

Finally, linear tidal shoals characteristic of bidirectional sediment transport 
(Wright, 1977) are occasionally observed, which suggests that  much of the 
deposited fine sands and silts are subsequently eroded and transported out  of  
the bay during successive ebb tides. 

In summary, the gravels generally result from wave erosion of the coastal 
bluffs or the gravel bar at the mouth of  the bay, while the fine sands and 
coarse silts are primarily transported into the bay by tidal currents and fluvial 
currents, respectively. Tidal currents during successive ebb tides remove most 
or all of  the newly deposited material and tend to maintain a balance between 
erosion and deposition. The stratigraphic implications of this system are 
discussed below. 

Most of  the sedimentary particles are being supplied to the depository at 
present, and the dispersal of  the surficial sediments reflects the present con- 
figuration of  distributor processes. Because of  this age-process relationship, 
the sediments are classified as "neoter ic"  according to the McManus (1975) 
classification system. 

The distribution of  benthic epifauna 

The observed system of waves and currents indicates that  Chagvan Bay is a 
typical high-energy coastal environment during the ice-free months. An addi- 
tional observation, which may be more indicative of  the fine structure of 
energy levels in the bay, is the limited distribution of  shell fragments and 
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benthic epifauna. Collections of  shell fragments, or death assemblages, 
generally occur in relatively low-energy areas, and these are found only in the 
lee of the spit that  forms the western boundary  of the bay. Similarly, live 
Cryptoma californica organisms, which are known to prefer a relatively stable 
substrate (K.G. Porter, pers. comm., 1976}, also are limited to this quiescent 
zone, although other  areas of  the bay offer a compositionally similar sub- 
strate. Sediments deposited behind the spit are least disturbed by high-energy 
processes because it is outside the mainstream flow of the tidal current and 
because the morphology of  the bay causes at tenuation of waves reaching this 
zone. Thus, it is possible that  the scouring action of  waves and currents out- 
side this zone renders the substrate unsuitable for habitation by the indigenous 
species. This argument is offered with the realization that many other factors 
can and undoubtedly  do influence the distribution of benthic epifauna in an 
estuary. For example, the salinity and temperature structure, the incident 
light energy and the nutrient supply, among others, are also considered critical 
factors (Carriker, 1967). However, these factors are important  to the esta- 
blishment of separate biozones for benthic organisms only to the extent  that 
they undergo significant lateral changes within the confines of  the estuary 
and thereby create definitive microenvironments. But these factors probably 
remain fairly constant within Chagvan Bay because of the relatively small size 
of  the embayment  and the almost total predominance of  tidal versus fluvial 
inputs. Consequently,  lateral variations in scouring activity could be of  para- 
mount  importance in controlling the distribution of  benthic epifauna. 

Speculations on stratigraphic analogs 

One objective of  this s tudy was to consider how the depositional environ- 
ment  of  a high-latitude embayment  might be reflected in the stratigraphic 
record. Recent  studies (Booth, 1973; Booth and Gorsline, 1974) have shown 
that a fruitful approach to this question is to examine the rate at which the 
sediments approach an equilibrium state following a perturbation which 
alters either or both the energy input and the sediment supply. An obvious 
perturbation of  this type  at Chagvan Bay is the effect produced by ice-cover, 
which is present about  five months each year. 

Following ice-melt there is a large input of  sedimentary material resulting 
from spring runoff,  after which the bay receives a fairly constant  supply of  
detritus until it again becomes ice-covered. Throughout  the ice-free period the 
sediments are dispersed and reworked by waves and currents. Thus, both  
sediment supply and the depositional energy level can be viewed as cyclic 
functions (Coleman and Wright, 1971) and these functions are controlled by 
ice-cover. 

In attempting to estimate the equilibrium position of  the bay, it is first 
noted that  these cyclic functions are in phase. Therefore, it might be expected 
that  the excess sediment supply during the ice-free period is matched by  the 
highest energy levels, so that  an equilibrium state is maintained. Booth and 
Gorsline (1974) have proposed two criteria which can be used to define 
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such an equilibrium state: (1) the sediment surface must reflect the contem- 
porary energy regime; and (2) there must be no net erosion or deposition, so 
that the sediment surface represents a hydraulically graded profile. The 
previous discussion of  sediment-dispersal patterns demonstrates that the 
observed textural variations can be explained in terms of  the existing energy 
regime. Furthermore,  the mean grain size and sorting parameters show a 
hydraulically graded profile in going from coarse sediments in nearshore areas 
to finer sediments in the central port ion of  the bay. Since both of  the criteria 
described above seem to be satisfied, it is concluded that there is an approxi- 
mate balance in the flux of sedimentary material and that the bay is always 
at or near an equilibrium state. This balance between erosion and deposition 
should produce a diastem or unconformity  in the stratigraphic record. 

The above conclusion must be regarded as tentative, since net erosion or 
net deposition could be occurring at a rate too  slow to be detected within the 
time-scale represented by the data of  this study. It is worthwhile, then, also 
to consider these possibilities. If erosion were occurring at a relatively slow 
rate, this would also produce an unconformity  as its stratigraphic equivalent, 
and a very thorough reconstruction of the paleohydraulics of  the basin would 
be required to distinguish this situation from the equilibrium case. Similarly, 
net deposition at a slow rate would present an interesting challenge to the 
stratigrapher. Suppose, for example, that no major changes in the contem- 
porary sediment characteristics occurred during lithification. Thus, a strati- 
graphic section would show a poorly sorted clastic aggregate, mostly 
subangular, with gravel-sized lithic fragments in a sandstone or muddy  sand- 
stone matrix. An important key to reconstructing this environment would be 
a knowledge of  the lithology and proximity of the source area material to the 
depositional basin. Without this information, the deposit  might appear to 
have characteristics of  both  low-energy and high-energy deposition. The 
poorly sorted, subangular texture and submature mineralogy would suggest 
rapid deposition without  appreciable postdepositional reworking, while the 
presence of  gravels (Folk, 1974) and absence of a clay matrix (Moore, 1968) 
could be regarded as manifestations of  high-energy deposition. 

These examples emphasize the somewhat  unique range of variables which 
affect deposition in high-latitude embayments.  The sediments furnished to 
Chagvan Bay are texturally discontinuous -- they are, in fact, three distinct 
textural subpopulations: gravels from the coastal bluffs, fine sands from the 
Bering Sea and coarse silts from the Kinegnak River. Any mixture of  these 
subpopulations will result in poorly sorted, multimodal sediments. The sub- 
populations will remain distinct only if they are selectively sorted by deposi- 
tional processes. However, selective sorting occurs only within certain limits 
of  the total energy spectrum. Energy levels which are above the maximum 
required for selective sorting will transport a mixture of  textural subpopula- 
tions, while energy levels below the threshold limit will leave a mixture of  
these subpopulations unaffected. Another important  factor here is the 
relatively small size of  the depositional basin. It is probable that the dimen- 
sions of  Chagvan Bay are too small to allow a complete  separation of textural 
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subpopulations,  even when the energy input is at an opt imum level for 
physical sorting. Finally, the subangular, immature appearance of  the bay 
deposits is basically a consequence of  the fact that  the source area materials 
themselves are immature and, furthermore, that the detrital grains are trans- 
ported relatively short distances prior to deposition and have had limited 
exposure to abrasive processes. 

In summary, it is obvious that the speculations discussed above are merely 
illustrative, and that many other cases are possible. However, these considera- 
tions do show that considerable caution will have to be exercised when inter- 
preting the stratigraphic analogs of  high-latitude embayments ,  so that 
characteristics primarily related to provenance are not  heavily weighed as 
indicators of  depositional energy levels. 

CONCLUSIONS 

(1) Three major units of  surficial sediments are recognized at Chagvan Bay: 
(1) coarse-grained lithic fragments (--3 to --2 ¢) which are mostly dunites, 
diorites or sandstones; (2) fine sands (2--3 ¢) composed of  quartz and feldspar, 
and (3) coarse silts (4--5 ~) composed mostly of  quartz. Field observations of  
sedimentary processes and comparisons of  the bay sediments with local 
geology indicate that  these three units are derived, respectively, from the 
coastal bluffs surrounding the bay, the adjacent nearshore and beach deposits 
along the Bering Sea coast north of  the bay and the Kinegnak River. 

(2) The texture and mineralogy of the bay deposits are primarily controlled 
by provenance. The surficial sediments are immature and no appreciable 
amount  of physical or chemical alteration has occurred relative to their 
source area analogs. 

{3) The major depositional processes are tidal currents, fluvial currents and 
waves. The interaction of  these processes with the texturally diverse inputs 
from the source areas tends to produce a poorly sorted, multimodal sediment 
surface. Contour  charts of the principal textural modes show that each major 
sediment unit is primarily associated with one dispersal process: the fine 
sands are transported into the bay by tidal currents, the coarse silts by fluvial 
currents and the gravels by wave erosion. 

(4) Most of  the sedimentary particles are being supplied to the deposi tory 
at present, and the distribution of the surficial sediments reflects the present 
configuration of  distributor processes. Because of  this age--process relation- 
ship, the sediments are classified as "neoteric" .  

(5) Benthic epifauna are found only in relatively low-energy depositional 
areas, although similar biogeochemical environments are available in other  
parts of  the bay. For this reason, it is postulated that the distribution of  these 
organisms is influenced by  the scouring activity of  currents. 

(6) The rates of  sediment input and energy input are cyclic functions 
whose fluctuations are in phase and are controlled by  ice-cover. Although the 
samples analyzed in this s tudy were taken only about  one month after ice- 
melt, the sediment surface was found to reflect the contemporary energy 
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regime and it formed a hydraulically graded profile. It is concluded from this 
that  the bay is always at or near an equilibrium state. This situation should 
appear as a diastem or unconformity in the stratigraphic record. If, in fact, 
net erosion or net deposition were occurring, the stratigraphic analogs of 
these cases would be difficult to interpret. Net erosion would also produce an 
unconformity,  and a thorough reconstruction of the paleohydraulics would 
be required to distinguish this situation from the equilibrium case. Net deposi- 
tion could produce a stratigraphic record with characteristics typically 
associated with both high-energy and low-energy deposition. The key to 
resolving this anomalous situation would be an understanding of the lithology 
of source area materials, the spatial relationship between the source areas and 
the depositional basin, and the geometry of the basin. 
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