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RESUMEN

Las mediciones preliminares de propiedades magnéticas en muestras de un ndcleo de 8.5 m. de longitud del lago Granfai
(suroeste de Alaska), indican que la magnetizacién remanente de estos sedimentos reside en magnetita con comportamient
multidominio y grano grueso. Esto sugiere una sefial magnética de cristal. El cambio abrupto en las propiedades magnéticas a !
m de profundidad (ca. 956fC afios), es probablemente el reflejo del comienzo del Holoceno templado. Los registros magnéticos
y de polen muestran un patrén diferente bajo esta transicion. Ello sugiere la ocurrencia de un ligero calentamiental@llé&rmino
Gltima glaciacion, seguido por el evento de enfriamiento Younger Dryas y el inicio del Holoceno. El primer evento de cédentamie
y el Younger Dryas no estan registrados en la sefial magnética. Una explicacion a esta discrepancia es que el impacto de €
eventos climéticos, si es que tuvieron algin efecto en el clima del suroeste de Alaska, es que fue limitado en esta region.

PALABRAS CLAVE: Propiedades magnéticas, sedimentos lacustres, Cuaternario, Grandfather Lake, Alaska.

ABSTRACT

Preliminary rock magnetic measurements on a 8.5 m long sediment core from Grandfather Lake, southwest Alaska, ind
cate that the remanence in these sediments is carried by large multi-domain magnetite grains. This suggests a detrital magn
signal. An abrupt change in magnetic properties at 5.95 m depth (c&‘@%@) probably reflects the beginning of the temperate
Holocene. The magnetic and pollen records show different patterns below this transition. The latter suggests the ocaurrence o
first slight warming at the end of the Late Glacial period, followed by the Younger Dryas cooling event and the actuadbeginnin
of the Holocene. Neither the first warming event nor the Younger Dryas are recorded in the magnetic signal. One of the explan
tions for this discrepancy is that the impact of these climate events, if any, may have been limited in this region.

KEY WORDS: Magnetic properties, lake sediments, Quaternary, Grandfather Lake, Alaska.

INTRODUCTION GEOLOGICAL SETTING

Magnetic properties reflect variations in concentration, Grandfather Lake is situated in southwestern Alask
composition and grain-size of magnetic minerals and can be (50° 48’ N, 158 31' W, 142 m altitude), at the foot of the
used as a proxy for paleoclimate changes in marine, lacus- Ahklun Mountains (Figure 1). The present maximum wate
trine and loess-paleosol sequences (Reynolds and King, depth in this moraine-dammed lake (0.35 im 20 m. The
1995). This is demonstrated by spectral analysis of magnetic mean annual temperature in the nearby town of King Salmc
records that correlate with orbitally-driven climate cycles (see is +0.7C, with mean temperatures of —10a®d +12.5C in
review by Berger, 1988) as well as by comparison of mag- January and July, respectively. Annual precipitation range
netic records with geochemical and biological proxies for from 45 to 65 cm with 130 to 180 cm snowfall per year. The
climate (eg. Rosenbauset al, 1996, Vlaget al, 1997a). Ahklun Mountains and the Alaskan Range were covered wit
Environmental magnetism can be used in both marine and ice during the last glaciation (Figure 1).
continental settings and may provide information about tem-

poral responses of vegetational climate proxies, such as pol- In 1991, sediments were cored in the center of the lak
len, to climate change (eg. Rosenbaetral, 1996). with a modified Livingstone corer (Wriglet al, 1984). At
8.5 m sediment depth, the bedrock was encountered.
In this paper, we present a magnetic record of the Late sample from 0.15 m (8.35 m depth) above bedrock yielded
Glacial-Holocene Transition (LGIT) in the lacustrine sedi- conventional*C age of 12 87& 210. (Huet al, 1995). Be-
ments from southwest Alaska. After determining the mag- cause of the difference betweé@ and calendar ages (Bard
netic mineralogy and comparing magnetic with previously et al, 1993), this suggests that the lake was formed ca.
presented pollen records (Etal, 1995), we discuss whether 500 yr. BP. However, samples from 6.45 m and 7.04 m dept
rock magnetism can be used for climate studies in the lacus- which Huet al. (1995) did not consider further, do not have
trine sequence of Grandfather Lake of southwest Alaska.  a significant different radiocarbon age than the one at 8.35
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Fig. 1. Location of Grandfather Lake and the nearby town of King Salomon in southwest Alaska. White (gray) areas dexcitgetthe gl
(non-glaciated) areas during the last glacial (Lea, 1990). As reference the present day coast line is shown.

depth. This might indicate thdC ages in the 6.4-8.4 m depth  cubes. The low-field susceptibility was measured with a
interval are affected by *4C plateau, which is regularly ob-  Bartington MS-2 susceptibility bridge. Anhysteretic rema-
served at the end of the last Glacial period in high latitudes nent magnetization (ARM) was induced with a 99.9 mT al
(e.g. Lotteret al, 1992). So, th&C ages may be inaccurate ternating field (AF) superimposed on a 045D DC field.
and should be interpreted with caution. As a consequence, wésothermal remanent magnetization (IRM) was induced wit
only mention radiocarbon ages in this paper and do not relatea 1 T field, using an ASC (model IM-10) pulse magnetizet
them to calendar ages. Intensities of these remanences were measured with a ¢
perconducting Rock Magnetometer (SRM). Hysteresis loof
The most important results of the palynological study were measured with a Vibrating Sample Magnetomete
by Huet al. (1995) will be summarized in this paper . Sedi- (VSM) of Princeton Applied Research. A maximum field of
ment loss of ignition (LOI) between 90 and 360anges be- 1 T was used for these measurements.
tween 5 and 10% at depths less than 5.95 m. Below this depth
the LOI is less than 5%. The amount of biogenic silicais less X and IRM versus temperature curves were measure
than 2% of total sediment mass for sediments below 5.95 mon 300 mg subsamples. The low-temperature behavior a
depth and about 5% above this depth @tial, 1995). Samples ~ frequency dependenceypfvere measured with a LakeShore
for LOI-measurements were collected from the same cores as>Usceptometer. With the same instrumemtas measured

the samples used for the palynological and magnetic study. €very 5 K at 400 and 4000 Hz, while warming the sampl
from 20 K up to 300 K. A Geofizika KLY-2 Kappa bridge

MEASUREMENTS and a CS-2 furnace were used to meagatchigh tempera-
tures of 298-973 K (= 25-70C). Low-temperature behav-
The cores were subsampled with 6.8 paleomagnetic  ior of IRM was measured with a Quantum Design SQUIL
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Magnetometer (MPMS2). With this instrument an IRM was
induced with a 2.5 T field at 300 K; then the sample was
cooled to 20 K and reheated to 300 K in a zero field.

RESULTS

Low-field susceptibilities range from 30 to 230%16%/
kg. ARM and IRM intensities vary between 0.01-0.32 and
2.9-26.1 mAn¥kg, respectively. The saturation magnetiza-
tion (M) ranges from 20.5 to 309.1 mAfkg. Down-core
records of Mshow the same trends as 9 ARM and IRM
(Figure 2). Hysteresis measurements reveal low remanence
ratios (M/M_=0.064-0.237) and high coercive ratios (H
H =2.65-4.23) (Figure 2). According to Day al (1977),
these values are close to the multi-domain range, which in-
dicates for pure magnetite a magnetic grain size greater than
about 1Qum (Dayet al, 1977). The coercive (H6.4-12.6
mT) and remanent coercive forces £6.4-12.6 mT) (Fig-
ure 2) fall in the range corresponding to natural
(titano)magnetites (eg. Dast al, 1977). Proxies directly
influenced by magnetic concentration ARM, IRM, M)
and grain size indicators (ARM/IRM, M1, H_/H, H_,H)
show a dicontinuity at 5.95 m depth. Assuming a similar
magnetic composition, the first indicates a lower magnetic

The magnetic record from Grandfather Lake (Alaska

concentration and the second a smaller grain size above t
depth. The radiocarbon chronology suggests that this tran:
tion took place at ca. 950€C yr.

Susceptibility versus temperature curves (Figure
3a,c,e) show a Curie temperature of 88@nd a low-tem-
perature phase transition at 110-IR0T he first corresponds
with the Curie temperature of pure magnetite and the seco
with the crystallographic Verwey transition (Verwey, 1939)
for magnetite. Unlike the underlying sediments, sediment
above 5.95 m depth show much higher susceptibilities du
ing cooling when the samples have been heated toC700
(Figure 3a). We suspect that magnetite might have be¢
formed from non-magnetic Fe-oxides and Fe-hydroxide:
Formation of magnetite from iron sulfides is unlikely be-
cause there is no characteristic increase in susceptibility
300-400C during heating (Geiss, pers. comm.).

Low-temperature IRM angl measurements do not re-
veal the presence of hematite and pyrrhotite, because of t
absence of phase transitions at 263 K (e.g. Nagéatal,
1964) and 34 K (e.g Rochetteal.,, 1990). Absence of Curie
temperatures at 32C and 675C in the high-temperature
susceptibility curves agrees with an absence of these min

a) b) c) e)
0. x M _ ARM/IRM M,/Mj ) Her
« 1.97+-0.08 14 4 - 4 4 "
2 - i 4 N
3 4 i i |
e 4.33+-0.10
e 7.31+-0.09
e 9.20+-0.08
¢ 12.35+-0.12
¢ 12.51+-0.17
« 12.87+-0.21
9 T 1 T T 1 T 1 T 1 T 1
0 100 200 O 100 200 300 0.0 25 50 0.0 0.1 02 15 25 35
108 md/kg mAmZ2/kg *100 mT

Fig. 2. Results of the magnetic measurements. (a) Low-field susce
by isothermal remanent magnetization (ARM/IRM), (d) remanence

ptibility (f) saturation magnetization (M(c) anhysteretic divided
ratjé K\ and (e) remanent coercive force Jiersus depth. Left

column shows*C AMS datings.
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Fig. 3. Susceptibility versus temperaturg-T) runs for samples at (a) 7.71 m, (b) 6.61 m and (c) 5.51 m depth. Susceptibilities in
temperature range 20 to 360(-273 up to 27C) were measured with a LakeShore susceptometer and are normalized on the susceptibi

300°K. Then susceptibilities in the temperature range 295 24O& —

700C) were measured with a KLY-2 Kappa Bridge. Both heating

(closed circles) and cooling curves (open circles) were measured with this instrument. Susceptilities are normalized r@0eldthefo

als. The presence of large quantities of greigite seems un-

likely, too. No change in susceptibility at 300-4Q0s ob-
served during heating. Magnetite is the only mineral which
is identified by low-and high-temperature measurements.

characterized by high percentage€pperaceasvith smaller
amounts oArtimesia(Figure 5) andPoaceaeThis observa-
tion, the low organic matter content and low pollen accumt
lation rates in this interval led Hat al (1995) to conclude

Therefore, we assume that pure magnetite is the dominantthat herb-tundra vegetation was dominant. They suggeste«

remanence carrier in these sediments.

When cooling a specimen with an IRM to 20 K and
reheating it to 300 K in zero field, the loss of initial IRM is
about 40% for sediments below 5.95 m depth against only
25% for the overlying sediments. Multi-domain (MD) mag-
netite loses part of its initial remanence when cooled and
reheated through the isotropic point, 130 K (e.g. Naghata
al., 1964, Dunlop and Argyle, 1991). As this remanence loss
increases with increasing grain size (e.g. Levi and Merill,
1978), the results from the IRM low temperature demagneti-
zation cycle suggest coarse multi-domain grains for the
Grandfather Lake sediments. This agrees with the lack of
frequency dependence of susceptibility: The relative loss of
the susceptibility between 400 and 4000 iz= [(X,q0n-
Xaooord Xaooua 100, @ proxy to detect ultrafine superparamag-
netic grains, is less than 1%. Thus the lowM\ and high
H_/H, ratios may indeed reflect large multi-domain grains.

COMPARISON WITH THE POLLEN SIGNAL

The similarity between pollen diagrams in Grandfa-
ther Lake and the nearby Ongivinuk Lake ledatial (1995)
to the conclusion that these records reflect the vegetation
history in the northern Bristol Bay region. The Grandfather
Lake sediments were divided in 6 pollen zones (|, lla, lib,
lic, 1ll, IV). The lowest zone, zone | (8.5-7.1 m depth), is
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cold and relatively moist climate during this period.

Summer temperatures are typically warmer in moder
Betulashrub-tundra zones than in herb-dominated tundre
(Bliss et al., 1981). Therefore, Hat al (1995) related the
increase oBetulashrub in zone lla (7.10-6.60 m depth) to a
slightly warmer climate. Pollen percentagesBstula
CyperaceadFigure 5) and?oaceaesuggest that the shrub
cover in the Bristol Bay region during this time was compa
rable to that of the present-day North Slope @dal ,1995).

Betulapollen percentages are lower in zone IIb than ir
Ila, but percentages @éfrtimesiaare slightly higher (Figure
5). As the low percentages Bétulamight be due to lower
summer temperatures this interval was related to climate coc
ing, possibly associated with the Younger Dryas cooling eve
(Huet al, 1995).

In pollen zone lic (5.85-4.80 m deptBetulapollen
percentages, pollen accumulation ra@sljumandSphagum
taxa either appear or increase @yperaceaalecreases.
These changes were attributed to a considerably warmer a
humid climate marking the beginning of the Holocene (Ht
etal, 1995). The large increaseAimus(pollen zone 1l1; 4.8
— 2.5 m) is often observed in Alaska around 74G0Qr. and
is generally attributed to a slightly more humid and coole
climate (Anderson and Brubaker, 1993).
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LT demagn. magnetite, however, may represent a past history of diage
esis (Tarduno, 1995).

The results of the high- and low-temperature experi
ments indicate that magnetite is the dominating magnet
mineral in Grandfather Lake. Low Mi_and H,, H_values
and high H/H_ratios as well as the lack of frequency dep-
endence off and the considerable remanence loss after
low-temperature demagnetization cycle all suggest a coar
grain size of the magnetite. Authigenic minerals such as h
matite, pyrrhotite and greigite are not indicated by these me
«551m surements. The magnetite is probably detrital and not bact
0.4 ' rial (Moskowitzet al, 1988), because the latter is often fine
grained and has a frequency dependence of susceptibili
»6.61m Detrital magnetite does not necessarily imply that the ma
netic properties of the lake sediments can be directly relat
to those of the rocks and soils in the catchment area. F
example a magnetic study of source materials and lake se
ments in a volcanic crater in France showed that such are
0.0+ — — — — tionship is not straightforwai@lag, 1996, Vlagt al, 1997b)

0 50 100 180 200 250 3800 Dissolution of small grains may explain the large grain siz

T(K) of the magnetite (Canfield and Berner, 1987). Due to a prol

able anoxic environment, dissolution is generally more ef

(isothermal remanent magnetization) was imparted &tGah fective in organic-rich sediments (Willie_lms, 1992). In Grand
a 2.5 T field and this remanence was cooled (closed symbols) to f@ther Lake, however, one observes highghy lower H/

20°K (-25%C) and then warmed (open symbols) to30(27°C) H ratios and a smaller remanence loss during a low-ter
in a zero field. perature demagnetization cycle above 5.95 m (Figures 2 a

4). All these observations indicate a slightly smaller grai
size for the more organic-rich sediments than for the organi
Summarizing, Het al (1995) interpreted the vegeta-  poor underlying sediments. This would not be expected
tion history as (1) a cold climate during deposition of the the large multi-domain grains were caused by dissolution.
lowermost sediments, followed by (2) a slight warming and
(3) a colder episode, possibly associated with the Younger
Dryas. The boundary between pollen zones llb and llc marks
the end of the last glacial and the beginning of the Holocene.

0.8+

0.6 -

nor. IRM

0.2 47.71m

Fig. 4. Low-temperature demagnetization of the IRM. The IRM

At 5.95 m depth a large change in magnetic propertie
is observed. Above this depth magnetic concentration ar
the grain size decrease, while organic carbon and bioger
silica contents increase. Several magnetic studies report low

Comparison with the magnetic signal (Figure 2 and 5) magnetic concentrations and smaller grain sizes during ter
reveals no clear relationship between the pollen zones and perate periods compared to the glacial periods (e.g. d&eck
the magnetic signal zones below 5.95 m depth. The mag- al., 1994, Thouvengt al, 1994, Rosenbaumt al, 1996,
netic signal significantly changes between pollen zones llb Viag et al, 1997a, Ortega-Guerresd al, in press.). This
and lic, but the arrival of thélnuspollen in the record isnot  may partly be related to soil formation. Soil formation lead:

accompanied by a significant change in magnetaper- to a lower erosion rate of the rocks in the catchment area a

ties. therefore to a lower detrital input of magnetic minerals fron
these rocks into the lake (e.g. Thouvextyal, 1994). Sec-

DISCUSSION ondary magnetic minerals can also form in soils (eg. Dearir

et al, 1997), but the first effect is often dominating (e.g.
Before interpreting the magnetic records in terms of Thouvenyet al, 1994). Formation of organic matter and bio-
environmental change, let us consider whether the magnetic genic silica in the lake may further dilute the magnetic min
signal could be related to (1) detrital input in the lake or (2) eral in the sediments, leading to an even lower magnetic cc
diagenetic processes in the sediments. Authigenic hematite, centration. As secondary soil minerals generally have a sm
for example, indicates the occurrence of oxidation (e.g. Th- grain size (Dearingt al, 1997), soil formation may also
ompson and Oldfield, 1986) while pyrrhotite and greigite explain the small grain size above 5.95 m depth. The arriv
(Snowball and Thompson, 1990, Roberts and Turner, 1993) of Alnus pollen in the region at ~748(C yr. (4.85 m depth)
are indicative for reduction cycles. Magnetite is more likely is not reflected by clear changes in magnetic concentratic
to reflect a detrital signal. Authigenic fine (sub-micron) sized or grain size.
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Fig. 5. Results of the pollen study. Data from Kual (1995). (a)Betula (b) Alnus (c) Cyperaceag(d) Artemisiapollen and (e) loss-on-

ignition. A volcanic ash layer is situated between 3.04 and 3.50 m depth, explaining the absence of pollen data. Lefouatf@raghs.

Pollen data suggest three distinct phases at the end of Note that organic matter and biogenic silica content
the last glacial period. The magnetic signal, however, shows are similar in pollen zone lla and in the under - and overly
only ‘high’ magnetic concentrations in the 8.5-5.95 m depth ing pollen zones. This suggests that the lake chemistry d
interval. As the magnetic signal is probably detritus, the con- not systematically change. It supports the arguments propos
centration variations in this interval may be related to changes to explain the discrepancy between pollen and magnet
in detrital input. Therefore, the concentration peaks below records. Finally, the ice-sheets of the nearby Akhlun Mour
5.95 m depth may reflect a series of abrupt cooling events tains and the more distant Alaska Range were still present
during the LGIT (e.g. Allet al, 1993) and one such event  the end of the Last Glacial period (Lea, 1990). This migh
(6.05 m depth ?) the Younger Dryas. This hypothesis can be have affected the environmental changes near Grandfatf
tested by an improved chronolgy in this interval and by mag- Lake during the Late Glacial-Holocene transition and shoul
netic records of the LGIT from nearby lakes. However, pol- be taken into account when comparing the environment
len zone lla, attributed by Het al (1995) to this cooling proxies of Grandfather Lake with global climate records o
event, cannot be distinguished on the basis of magnetic the LGIT.
records. This may be explained as follows. (1) The impact of
the Younger Dryas event in southwest Alaska, if any, was The transition between pollen zones llb and lic (5.95 n
limited: It resulted in changes in the tundra vegetation of the depth) is the only transition which is visible in both the pol-
region, but did not modify the erosion mechanism or the len and magnetic records. It must represent the most signi
hydrology in the Grandfather Lake catchment area. (2) The cant environmental change during the studied time perios
impact of the first warming event (pollen zone lla) was small. because vegetation and sediment deposition and/or diage
It resulted in the arrival of thBetulashrub within the re- esis in the lake were affected. As the pollen and magnet
gion, but it didn't affect the detrital deposition process. (3) signals indicate a more temperate climate above this lim
Magnetic concentration peaks in pollen zones | and llb may and taking into account the age of the transition (ca. 95(
reflect variations in detrital input during cold climate peri- 14C yr)), it is likely that the 5.95 m depth interval marks the
ods and the (coincidental?) absence of such peaks in pollenbeginning of the Holocene. The sharp transition in magnet
zone lla may be due to an average warmer climate. (4) The parameters suggest that like in Greenland (e.g. Dansgiart
changes thBetulapollen percentages are not directly linked  al., 1989, Johnseet al, 1992) the end of the last glaciation
to climate change. might have been abrupt.

236



CONCLUSIONS

Preliminary magnetic measurements suggest the pres-
ence of a detrital magnetic signal in the sediments from
Grandfather Lake. This signal is carried by coarse-grained
magnetite. The rapid and significant change in the magnetic

records at 5.95 m depth (~9500 yr.) suggests a rapid tran-

sition from a cold climate to the temperate Holocene. The
magnetic records do not match with the pollen zones of Hu

et al (1995) below this transition. This shows the impor-
tance of a multi-disciplinary approach. Our finding may im-

ply that either the impact of some warming-cooling events

The magnetic record from Grandfather Lake (Alaska
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