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Early Humans and Rapidly Changing Holocene 
Sea Levels in the Queen Charlotte Islands- 

Hecate Strait, British Columbia, Canada 
Heiner Josenhans,* Daryl Fedje, Reinhard Pienitz, 

John Southon 

Marine cores from the continental shelf edge of British Columbia (Canada) demonstrate 
that sea level at the shelf edge was 153 meters below present 14,000 calendar years ago 
and more than 30 meters lower than the maximum eustatic !ow of -1 20 meters. Dated 
artifacts, including stone tools, indicate that humans occupied this region by at least 
10,200 calendar years before present (B.P.). Local sea level rose rapidly (5 centimeters 
per year) during the period of early human occupation as a result of eustatic sea-level 
rise and glacio-isostatic forebulge movement. This shelf edge site was first elevated and 
then subsided. The exposed shelf edge was available for human occupation and may 
have served as a migration route during times of lowered sea levels between 13,500 and 
9500 14C years B.P. 

T h e  continental shelf of British Columbia 
and the coastal fjord embayments reveal 
evidence of postglacial sea level that 
changed rapidly about 14,000 years ago (1- 
4). Contemporaneous but regionally tilted 
paleoshorelines'are documented at eleva- 
tions from +200 m (5) at the head of Kiti- 
mat Fiord (Fig. 1) to - 140 m at the conti- 
nental shelf edge, a distance of 200 km. 

Mapping the paleoenvironments and lo- 
cating early human remains along these 
inferred ~aleocoastlines is of s~ecial interest 
with respect to extending the possible hu- 
man mieration routes to North America 
beyond ;hose recently reported (6) in the 
Bering Strait. Here we combine data from 
seismic reflection mapping and piston cor- 
ing in the offshore with archaeological, fau- 
nal, floral, and 14C analysis to reconstruct 
the postglacial sea-level history and paleo- 
environments of the Gwaii Haanas (7) re- 
gion of the Queen Charlotte Island archi- 
pelago (Figs. 1 and 2) and specifically Juan 
Perez Sound. 

To establish the aee and elevation of " 
paleoshorelines, we identified and cored 
formerly subaerial basins (Fig. 2) with sills 
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at different elevations and dated the ~aleo- 
contacts between freshwater and marine 
sediments (8,9). In the study area, numer- 
ous isolated basins formed during glaciation 
with sills at different elevations. The tran- 
sition from freshwater basinal sedimenta- 
tion to marine deposition was determined 
by analysis of diatoms from core samples. 
The age of the marine inundation was de- 
termined mostly from 14C-dated wood frag- 
ments. We preferentially dated twigs and 
cones to avoid errors introduced bv ances- 
tral wood. Sill depth was obtain& from 
hydrographic field sheet data, published 
charts, and sounding data obtained along 
seismic profiles (Fig. 3). Seismic reflection 
data collected across the sills were used to 
determine their composition and relative 
age. Bathymetric data were merged with 
terrestrial elevation data (1 : 20,000) to de- 
velop a digital terrain model around the 
Queen Charlotte Islands (10). 

Five isolation basins within a 50-km ra- 
dius (Fig. 2) were located by high-resolution 
seismic profiling and sidescan sonar. These 
were sampled by piston or vibracore (4). 
We also cored and dated several lakes near 
the coast to define the maximum elevation 
of raised shorelines (1 1 ). In Juan Perez 
Sound (Fig. 3), a submerged delta (depth = 
153 m) and ~aleoriver system are evident in 
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raised paleobeach deposits, 30 from lake 
cores, and 99 from marine cores. Dates on 
72 shell-wood pairs indicate a marine reser- 
voir correction of 600 years for shell dates 
(12, 14). 

Changes in the 14C production rate or 
disturbances in the carbon cycle during de- 
glaciation, or both, have affected radiocar- 
bon levels in the atmosphere and produced 
substantial age plateaus at 14C ages of 9600, 
10,000, and 10,500 14C years before present 
(B.P.) (1 5-1 7). We used dendrochronologi- 
cal and U-Th radiocarbon calibrations (16, 
18-21 ), plus additional data from European 
lake sediment records (15, 17), to convert 
the 14C ages to calendar ages. 

The data show that sea level varied from 
-153 to +16 m between 14,600 and 
10,100 calendar years B.P. (Fig. 4 and Table 
1). Drowned isolation basins with sills at 
- 107, -80, -45, and + 16 m define four of 
the sea-level curve points. For example, 
marine incursion of the fjord embayment of 
Logan Inlet, which has a sill height of -80 
m (site 4, Fig. 2, and Fig. 3, left), occurred 
12,300 calendar years B.P. Diatom analysis 
indicated that marine incursion is marked 
by the transition from a freshwater diatom 
assemblage including Tabelaria fenestrata, 

\, 

\ 

\. Prir ice of Wales 
Island .- 

'Y 

Fig. 1. Index map of the study area showing con- 
tinental shel areas shallower than -200 m that 
may have sewed as a coastal migration corridor 
during times of low sea level. 
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Diatoma tenue, and freshwater Cyclotella 
species to a marine assemblage dominated 
by Chaetoceros lorenzianum. We deter- 
mined the elevation and age of the raised 
marine limit by analyzing a core from Ar- 

Fig. 2 Relief map of southem Queen Charlotte 
Islands and bathymetry map of adjacent Laskeek 
Bank and Hecate Strait. Numbers show the loca- 
tion and names of individual study sites referred to 
in the text. 

row Lake (site 1, Fig. 2, and Fig. 5), which 
lies 16 m above present-day mean sea 
level. Here a marine incursion is marked 
by the transition of a freshwater diatom 
assemblage dominated by Frustulia rhom- 
boides and species belonging to the genera. 
Aulacoseira and Eunotia to a brackish wa- 
ter assemblage including Rhopalodia gibba, 
Mastogloia spp., and Gyrosigma, as well as 
some planktonic marine species, such as 
Paralia sulcata. The return to freshwater 
conditions is marked by the disappearance 
of brackish and marine taxa and the reap- 
pearance of freshwater species of Aulaco- 
seira, Fmstulia, and TabeUaria. 

Two cores from Matheson Inlet with a 
paleodelta at -25 m (site 2, Fig. 3, right) 
record the marine inundation. Fauna in 
core M1 (Fig. 3, right) shift from the inter- 
tidal mollusk Mytilus edulis in a coarse grav- 
el matrix to the subtidal mollusks Lucina 
annulata, Chlamys rubidus, and C. hericus in 
a mud matrix. In core M4. the transition is 
marked by a shift from thi  upper intertidal 
agglutinated foraminifer Trochammina pact- 
fica to marine foraminifera. 

Seabed mapping, based on high-resolu- 
tion seismic reflection and sidescan sonar 
and swath bathymetry data, revealed a 
meandering drowned river sequence in a 
depth up to 153 m (Fig. 3, right) that 
drained into the glacially overdeepened 
central fjord basin (22). The seismic and 
vibracore data define the transition from 
delta topset to foreset beds at a depth of 

Fig. 3. (Left) Bathymetric 5v 131" 45' 40' 35; 
map of Logan Inlet (site 4) 520[DepihTi;;l)' v~~ - vW-i)a- : 

' and interpreted geological -.__ _ _  _ 
cross section (A-A') of the 
tjord and sill. The interpreta- 
tion is based on 630-cm3 air- . - - 2  

gun and 3.5-kHz seismic re- 
flection profile data. A 12-m 
piston core penetrated the 
marine and paleolake sedi- 
ments and reveals a sharp 
contact between horizontally 
straMed lacusttine deposits 
and the overlying slumped -- 
marine deposits. (RigM) e ' 
Bathymetric map of Juan \ 1 
Perez Sound and Bumaby 
Strait showing location of 
cores as well as the interpret- A 

ed extent of a palmer- pr-+-nt sea level - 
delta deposit. Seismic reflec- 
tion tracks, which consisted , 40 
of Huntec Deep Tow Sys- 80 

tern high-resolution sparker, 120 
Seistec, and 3.5-kHz sub- $ 160 
bottom profilers, as well as 200 
100-kHz sidescan sonar, are 240 
shown as dashed lines. The 280 interpreted cross section of 
Burnaby Strait (B-B') shows 
the paleoriver deposits sampled by core site 1 1. 

- 80-rn 
Marine 

sill depth - 

- 153 m. This drowned river was also sam- 
pled 1 km and 6 km upstream from the 
paleodelta at water depths of -141 m 
(core 59) and - 110 m (core 11). All three 
cores show a similar division into lower, 
middle, and upper units, corresponding to 
transitions from freshwater to brackish 
and then to marine conditions. The ob- 
served diatom assemblage successions are 
coincident with marked changes in lithol- 
ogy, from relatively fine-grained sequences 
at the sea floor to variable but generally 
sandy mud with abundant organic debris 
within the brackish to freshwater interval 
(23). In all three cores, siliceous microfos- 
sils of diatoms were sparse in the lower- 
most coarse sediments (sandy gravel). The 
transition between this lowermost unit 
and the overlying unit is very abrupt, both 
in the core and seismic profiles, suggesting 
that this unit has been rapidly transgressed 
by the sea. 

The diatom record at the marine inun- 
dation in core 59 (23) reflects a brackish to 
marine, shallow nearshore environment. 
The finer silty sediments contain a more 
diverse assemblage of diatoms dominated 
by Cocconeis scutellum, C. stauroneifor- 
mis, Rhoicosphenia curvata, and Paralia sul- 
cata. The fossil diatom assemblages pre- 
served in the uppermost unit of all five 
cores are typical of offshore marine 
(neritic) environments. 

Dates on the transgressive sequences 
indicate that shorelines were 140 m below 
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Rate of sea- 
14c age Calibrated age Uncertainty Sea level level rise 

(years B.P.) (years B.P.) (years)' (m) (mlyear) 

9,050 10,100 75 +14 0.038 f 0.01 0 
9,150 10,200 75 +4 
9,400 10,500 75 -1 0.045 f 0.009 
9,800 11,100 75 -26 0.051 f 0.009 
10,000 11,450 250 -45 
10,500 12,300 350 -80 
10,700 12,750t 150 -1 10 0.023 f 0.003 
12,000 14,100 200 -1 42 
12,400 14,600 200 -1 53 

'Uncertainties are based on an assumed sea-level versus radiocarbon age curve 
(Fig. 4) and estimated uncertainties in the calibration data. +Based on extrapola- 
tion of coral data from about 11,000 I4C years B.P. (18-20). 

Table 1 (above). 14C to calendar year correction table showing calculated 
rate of relative sea-level rise measured between data points shown on the 
sea-level curve. Fig. 4 (right). Sea-level curve plotted against radio- 
carbon years B.P. The dashed line shows sea levels plotted against cal- . 
endar years. Letters refer to particulars of dates shown in (13). Cross hairs 
in ovals indicate errors in 14C dating and definition of sill depth. 

present at about 12,000 14C years B.P. 
Contemporaneous deltas are exposed 
200 m above sea level at the fjord head 
near Kitimat, 200 km to the east-northeast 
(Fig. 1) (5). This significant tilt in coeval 
shorelines is attributed to the presence of 
a thick Cordilleran ice sheet, which de- 
pressed the Coast Range mountains and 
interior of British Columbia by as much as 
250 m (2). This load displaced the under- 
lying mantle to the glacier margin at the 
shelf edge to form a peripheral bulge. Be- 
cause glacial ice on the continental shelf " 
was limited to localized piedmont lobes 
and local ice caps in Gwaii Haanas (22), it 
did not significantly load the outer shelf, 
thus allowing a forebulge to develop. 

Postglacial isostatic recovery at Kitimat 
was rapid; the maximum rate of relative 
sea-level fall was about 10 cm/year (5). 
The associated collapse of the forebulge 
caused a rapid rise in relative sea level at 
the shelf edge (4). The paleodelta in Juan 
Perez Sound at - 153 m marks the maxi- 
mum lowstand and is. about 33 m deeper 
than the maximum last glacial-eustatic 
lowering of 120 m (20, 24) and 63 m 
deeper than the predicted eustatic sea lev- 
el of 90 m at 12,400 14C years ago. We 
suggest that the crust may have been lo- 
cally elevated to 63 m, the height of the 
glacial forebulge. (We have not attempted 
to correct for hydroisostatic effects, in 
view of the limited ice volumes interpret- 
ed for the area.) 

Detailed examination of the 14C ages 
reveals that some ages are out of sequence; 
however, all of these are within the 30 to 
50 cm range of biogenic reworking from 
mollusk burrowing. Some of the apparent 

Years before present (~1000) 

+20 

0 

! 
h 

Calendar years -60 - - Radiocarbon years !! 
a - Calendrical range - 

corresponding to point -80 
on radiocarbon curve tn 

0 Marine , @ Brackish , ! -1 00 

.P a Fresh 
0 Mixed affinities 

-1 20 

rapid jumps in the raw sea-level curve 
(Fig. 4) may be an artifact of nonlineari- 
ties in the radiocarbon calibration curve. 
Apparent rapid sea-level jumps from -26 
to 0 m, -40 to -26 m, and -110 to -80 
m correspond to plateaus in the calibra- 
tion curve at 9600, 10,000, and 10,500 
B.P. and probably span several hundred 
calendar years. Conversely, the apparent 
stillstands at -26 and 0 m lie on steep 
portions of the curve at radiocarbon ages 
of 9000 to 9500 years B.P. and 9600 to 

Fig. 5. Inferred areas of terrestrial exposure on 
Laskeek Bank during times of maximum lowered 
sea level as indicated by the sea-level curve. 

10,000 years B.P. and represent very short 
calendar intervals. Despite a dense net- 
work of 14C dates, the extremely rapid rate 
of sea-level rise (maximum = 5 cmlyear), 
combined with biogenic reworking and 
14C uncertainties (plateaus), leads to in- 
sufficient precision needed to identify po- 
tential stepwise tectonic crustal move- 
ment. Regional seismic reflection surveys 
(4) show no evidence of faulted postgla- 
cia1 deposits. A comparison of postglacial 
crustal adjustment rates with rebound on 

Slump 
Charco-' I-.,-- la 

' Cuttura ,+co P"' 

Lou 7:. 

a1 , a y ' c  

I layers 
clay and gra 

Fig. 6. Archaeological evidence for early human 
occupation of the study area within the period of 
rapidly changing sea levels. Details are given in 
(34). 
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passive nlargllls [for example, hlaine, max- 
imum = 2.2 cm/year (25)] and  mid-ocean 
r~dges  [for esample, Iceland, maximum = 

6.9 cm/\-ear ( 2 6 ) ]  illustrates the  influence 
of mantle viscosity and  tectonic setting o n  
the  rate of recol-err. 

T h e  recent discovery of hutnan re~nains 
(9880 i- 59 "C years B.P.) in a cave o n  
Prince of Wales Island (27-29) itn~nediately 
north of the Queen Charlotte Isla~lds ( F I ~ .  
1) highlights the potential for el-entual dis- 
co\-ery of earl\- postglac~al human 
occupation of Gmaii Haanas and the adja- 
cent sub~nerged areas of Hecate Strait. Our  
evidenc_e for marked paleoen1-ironmental 
changes in G ~ v a i ~  Haanas from late-glacial to 
mid-Holocene time otfers insights into the 
distribut~on of habitable landscapes (F~gs. 5 
and 6)  along the northern Northwest Coast. 
Paleobotanical analyses have demonstrated 
that the Northxest Coast was suitable for 
human h a b ~ t a t ~ o n  b\- 13,909 years B.P. (32, 
31).  Stone tools found o n  paleobeach sites 
confirm human occupat~on by 93CC 14C 

years B.P. (Fig. 6).  T h e  lack of evidence for 
human use of the early postglacial la~ldscape 
may be largel\- attributable to the drastic and 
rapid changes..in past sea levels. Gwaii Haa- 
nas coastlines dating from 9309 to 9109 

10 H. LV Josenhans and J. Zevenhu~zen. Geolog~cal 
Suivey c i  Cacada. Open l i e  ivjai; 3207 (1 9961 

11 D W. Fedje, thesis, Jnlverslty of Calgary Alberta. 
Canada (I 993) 

12 J 4 Southon an:: D. ?\!. Fedje, unpubshed data 
13. Table of sample parameters and ::ates that bracket 

tite nten!a of marlne versus brack~si? or lac~~st r~ne 
con::tons recorded In the pston or v,bracore sam- 
ples The sill helght IS shown for sltes ~vhere the 
constranng s depth 1s shallov~er than the core slte. 
Many of the '-'C nates Lvere derlved from young 
wood fragments to avod errors ntrocuce:: by datng 
of ancestral i.!ood Table avalable to Scle1:ce O n n e  
subscrbers at vlv;?v scenceniag.org: 

14. J. P. Southon, D t Nelson, J. S. Vogel, Faieo- 
oceacograi;)/ 5, 197 11 9901 

15 A. Loiter. B Ammat-n, J. Beer, I. Hadjas, M. Sturm. 
n T~ ie  Last Deglac~atio?: H~XO/L/~€ a?d Radiocarboc 
Ci i~ocoicg~es, E. Bar:: al?d In! S. Broecer.  Eds. 
INAT3 A S  Series, Spr~nger-Verlag. Bern,  1992), 
VOI. 12. pp. 45-68 

16. B Kromer and 6 .  Becker, Rad~ocarfic? 35, 125 
(1 993 .  

17 T. Gosar et a/. , :;rai,;re 377, 41 4 11 9931 
18. E. Bard, M. Arnol::, P G Falrbanks, B. Hamen.  

F;ad~ccarboc 35, 191 11 993 .  
19. R.  L. E::v/ar::s e i  a/. , Sc~e?ce 260, 962 11 993). 
20 E Bard et a/. , :;rai,;i-e 382, 241 11 9961 
21 S. Bjorc< et a/. , Sclecce 274, 1 155 11 996) 
22. H. In! Josenhans and J. Zevel-iiu~zen, Geciog~cal 

S~;rde!/ of  Ca!?ada: 3i;ec Flie i\/iai; 3242 11 996). 
23 Composite diagram of core 59 show,ng ;ke :eat,ons 

bet~veen l~thology, datom assemblages, nterprete:: 
deposit~onal en\!ronnients, an:: '-'C age. The age of 
marne n~ lnda ton  ,'?!as plotted against v!ater nepth 
at the core s te  to develop the sea-e\!e culve Fgure 
avalable to Science O n n e  subscrbers at w ~ v ~ v .  

3 ngolfsson, H Norddahl. H Hafl~dason. Bcreas 
24, 243 (1 995) 
T. H Heaton, S L Tabot, G F. Shezs,  Qmt .  Res. 
46 (no. 2), 186 (1 996) 
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ed at the 24th Annual Meetng of the A lase  Anthro- 
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T Chrlstensen, The Gmdvali tiaacas Arcbecioglcai 
Fro]ect: Ralsed B e a c  Surdeys, 1993 i le ld  Repol? 
unuubshed reoo*. CanadIan Herltaoe. \Jlctorla. 
Brlfsh ColLlmba, Canada. 1996). 
D. ?\!. Fecje, A. P Macke, J. B. McSporran, B W I -  
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R L. Carsen and L. Pala-Bona. Eds ':Un\!. of Brltsh 
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In!e thank tile offlcers and cre?!s of the research 
vessels t ideavcur,  Vecto,; Tuil,v, an:: Gwan Saacas. 
?\!e titank V Barre and K. Con~vay for faclitating the 
collect~on of sesnic and \!bracore data. subsequent 
anayss, and i iep fu  d~scuss~ol-s. Supponed by the 
Geolog~cal Sumey of Caltada an:: tile G w a  Haanas 
Natlona Park Rese~~je-Ha~da Herltage s~te  and by 
the U.S. Department of t::~~cat~on ~lnder contract 
W-7405-Eng-48 to Lav!rence L~vermore National 
Laborator! The uauer ?vas revlevled bv 4 P~c*r~l l  

years B.P. coinciiie nit11 those of today, scenceniag.org: and J. ~hai.!. Geoog~cal Sulvey of ~ a n a i a  contrbu- 
24 4 G. Farbanks, Y a t ~ ~ r e  352, 637 119891 tlon number 1996456. coast l~~les  dated before 9399 are deeply 25, \:,, A ,)J R, Gehrels, F, Belknap, 

drowned ( to  - 153 m),  and those dating Kelly, Geolog!/ 23 (no 41 317 11995) 23 March 1997: accepted I 9  May I997  

from 9109 to SO90 years B.P. are stranded in 
the rainforest sonle 15 111 al.01-e current lev- 
els. In t h ~ s  context, it is interesting that the 
G w a i ~  Haanas H a ~ d a  Indian oral history 
abounds in lege~lds of rap~dly ris~ng seas (32).  

T h e  sea-lei-el curl-e (Fig. 4 )  p r o v ~ d e ~ a n  
important tool that enables archaeologists 
to focus their st~ldies in search of pa- 
leobeaches and paleohabitats (33, 34) .  T h e  
opportunity to locate evidence of h~ l tnan  
actlvlty dating to the  p e r ~ o d  of lolirered sea 
levels may be better solne 159 ktn to the 
east, along the British Columbia coast, 
where isostatic dyna~nics resulted in  coeval 
raised ~llarine depos~ts now situated >299 
m above modern sea level. 
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Mid- to Late Pleistocene Ice Drift in the Western 
Arctic Ocean: Evidence for a Different 

Circulation in the Past 
Jens F. Bischof and Dennis A. Darby 

The provenance of ice-rafted debris (IRD) in four Arctic sediment cores implies that 
icebergs from the northwestern Laurentide ice sheets drifted across the western Arctic 
Ocean along the 180"-0" meridian toward Fram Strait during mid- to late Pleistocene 
deglaciations within the last 700,000 years. This iceberg drift was different from the 
present-day Beaufort Gyre circulation and resembled a dislocated transpolar drift (TPD). 
Sea ice mainly followed the iceberg trajectories but also frequently drifted from the 
Russian shelves eastward into the Amerasian Basin. 

T h e  motion of sea ice in  the  'Arctic 0cea11 
is defined bv the Beaufort Gl-re, a clockwise , , 

circulation in the  western Arctic Ocean,  
and bv the  T P D  in the  eastern Arctic 
Ocean, where ice drifts directly eastlvard 
~ n t o  the  Greenland Sea (Fig. 1 )  (1) .  As  a 
consequence, Ice in the  Beaufort G\-re can 
re~na in  111 the Amerasian Basin for decades. 

Apped  lvlar~ne Pesearch Laborator], Department of 
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lvhereas ice in  the T P D  leaves the  Arctic in  
generall\- less than 3 years. Little is known 
about the histor\- of the  Beaufort G\-re, 
which should ha\-e homoge~lized the  IRD 
within the Amerasian Basin. Here, we used 
data from a petrographic and geochemical 
analysis of IRD to show that the d~rections 
of the Ice drift xe re  highly variable ii~lring 
the last 799,000 years and were mostly d ~ f -  
ferent from those of today. 

T h e  provenance of IRD was determined 
for four sedinlent cores-F214, F280, F436, 
and F542-in the xestern Arctic Ocean 
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