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7 [1] High-resolution, quantitative temperature records are
8 valuable for placing recent warming in the context of long-
9 term, natural climate variability. Here we use biogenic silica
10 (BSi) concentrations preserved in lacustrine sediment from
11 an oligotrophic lake to quantitatively reconstruct air
12 temperature at Hallet Lake in south-central Alaska. June
13 through August temperature measured over the past 80 yr at
14 Valdez (Alaska) correlate with BSi from Hallet Lake (r =
15 0.87, p = 0.01). We chose a nested function to model the
16 non-linear relation between summer temperature and BSi in
17 the calibration data set, and to reconstruct temperature for
18 the past 2. Our BSi-inferred temperature reconstruction
19 shows synchronous changes with independent paleoclimatic
20 proxies for southern Alaska, and provides evidence for a
21 greater rate and magnitude of 20th century temperature
22 warming at Hallet Lake than recorded by other quantitative
23 temperature proxies in the region. Citation: McKay, N. P.,

24 D. S. Kaufman, and N. Michelutti (2008), Biogenic silica

25 concentration as a high-resolution, quantitative temperature

26 proxy at Hallet Lake, south-central Alaska, Geophys. Res. Lett.,

27 35, LXXXXX, doi:10.1029/2007GL032876.

29 1. Introduction

30 [2] High-latitude ecosystems are predicted to experience
31 the greatest impacts from climate warming and thus repre-
32 sent critical reference areas for the detection of global
33 climate change. Seasonally ice-covered lakes at high lat-
34 itudes and altitudes respond sensitively to climate fluctua-
35 tions because even slight changes to their short growing
36 seasons can have major biological impacts [Smol, 1988].
37 Numerous paleolimnological studies have documented un-
38 precedented ecological reorganizations consistent with re-
39 cent warming trends [e.g., Smol et al., 2005, and references
40 therein]. Relatively few studies, however, have provided
41 quantitative paleo-temperature reconstructions, which are
42 necessary to place 20th century warming in the context of
43 natural, long-term climate variability.
44 [3] BSi is a direct measure of diatom and chrysophyte
45 abundance, typically the dominant photoautotrophs in high-
46 latitude lakes [Douglas and Smol, 1999], and is often a
47 reliable proxy for whole-lake production in such lakes
48 [Conley and Schelske, 2001]. BSi has been used previously
49 to track climate-related changes in aquatic production over
50 millennial [Hu et al., 2003] and orbital [Colman et al.,

511995] time scales. Recently, lacustrine BSi flux was used to
52reconstruct air temperature with decadal resolution back to
531580 AD in the Swiss Alps [Blass et al., 2007]. Here, we
54use BSi concentrations to quantitatively infer summer
55temperature for the past 2 ka at Hallet Lake in south-central
56Alaska.

572. Hallet Lake Setting

58[4] Hallet Lake (61.5�N, 146.2�W) is a relatively small
59(�0.6 km2), deep (Zmax = 41 m) lake situated at 1128 m asl
60near the crest of the Chugach Range (Figure 1). The lake
61has a catchment of 9.4 km2, including seven cirque glaciers.
62Two glacial meltwater streams enter from the south and
63west, and are the primary sediment sources. Mean annual air
64temperature at Hallet Lake from 1976–2005 is estimated at
65-4�C using temperature data from Valdez, AK [National
66Climatic Data Center, 2007] and an environmental lapse
67rate determined from Valdez and Greyling Lake (61.4�N,
68145.7�W; 1016 m asl) meteorological records [McKay,
692007]. In August 2007 Hallet Lake water had a pH of 7.4
70and a specific conductivity of 87 mS cm�1. The approximate
71length of the open-water period each year is 80–100 days,
72based on 2004–2006 water temperature data from Greyling
73Lake [McKay, 2007].

743. Materials and Methods

75[5] Our sedimentary profile is a composite of a 4.5-m-
76long percussion core (HT01) and a 0.3-m-long companion
77surface core (HT01-B), both taken from near the center of
78the lake at a water depth of 40.5 m. The chronology of the
79percussion core is based on nine AMS 14C analyses on
80macrophytes [McKay, 2007], and calibrated to calendar
81years prior to 1950 AD (cal BP) using CALIB v 5.02
82[Stuiver and Reimer, 1993]. A smoothed cubic spline
83function was used to model the age-depth relation and
8495% confidence intervals [Heegaard et al., 2005]. The
85surface core was dated using a combination of 239+240Pu
86activities (the peak activity marks 1963, the time of its
87maximum discharge to the atmosphere [Ketterer et al.,
882004]), and a constant-rate-of-supply (CRS) model using
89excess 210Pb activities. The 239+240Pu activities, obtained at
900.5 cm resolution to 10 cm depth, were measured using
91inductively coupled plasma mass spectrometry. 210Pb meas-
92urements were obtained at 0.5 cm resolution to 7 cm depth
93and measured by gamma spectrometry [Appleby, 2001].
94[6] BSi was measured at 1 cm resolution for percussion
95core HT01 (192 samples), and at 0.25 cm resolution for the
96top 10 cm of surface core HT01-B (37 samples). Wet-
97alkaline extraction (10% Na2CO3), molybdate-blue reduc-
98tion, and spectrophotometry were used to determine silica
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