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CDIC NUMERIC DATA PACKAGE
ABSTRACT

1. NUMERIC DATA PACKAGE NAME
Global Paleoclimatic Data for 6000 yr B.P.
2. CONTRIBUTOR

Thompson Webb III

Department of Geological Sciences
Brown University

Providence, Rhode Island 02912-1846

3. HISTORICAL BACKGROUND INFORMATION

Regional and global maps of paleoclimatic data show the
magnitude and pattern of climatic variables at a sufficient
number of grid points that useful comparison with the results of
climate model simulations can be made. The CLIMAP research
pioneered gquantitative reconstructions of paleoclimate at a
global scale for 18,000 yr B. F. The dataset of paleoclimatic
data for 6000 yr B. P. has been assembled as the initial phase of
a long-term project to map the global patterns of climate for the
past 20,000 years and to test the climate model simulations for
dates during this time period.

4. SOURCE AND SCOPE OF THE DATA

The dataset consists of pollen, lake level, and marine
plankton data and where possible, includes guantitative values
estimated from these data. The reasons for choosing these three
types of data are: (a) they are quantitative and can be
calibrated in climatic terms, and (b} they occur in networks of
samples with good dating controls and broad geographic coverage.
Pollen data record the broad scale vegetational patterns that are
related to climate, while the lake level data record the relative
water depth in lakes and therefore provide records of past
moisture regimes and changes. The marine plankton data contain
information about the geographic distribution of plankton, which
also reflect climatic patterns.

5. APPLICATIONS OF THE DATA

The global paleoclimatic data for the 6000 yr B. P. period
can be used for testing results from climate model simulations.
This work is critical for understanding the effects of increasing
atmospheric carbon dioxide concentrations on the climate. It has
already been shown that the seasonal variation in solar radiation



between the present and 6000 years B. P. can lead to systematic
and significant changes in the climatic patterns that are
simulated by the climate models (Kutzbach 1981; Kutzbach and
Guetter 1984).

6. LIMITATIONS/RESTRICTIONS

The majority of the sites (622) contain pollen data, with
lake level samples (119) and marine plankton (56) being less
abundant. Coverage for the pollen data is densest in eastern
North America, Europe, the western portion of the Soviet Union,
and New Zealand. Sparse networks also exist in Alaska, South
America, and the eastern portion of the Soviet Union. The
coverage for sites with lake level data is densest in Africa,
southwestern United States, and southern Australia. The lake
level sites provide coverage in many of the terrestrial areas
where the pollen sites are sparse. The areas containing the most
marine plankton data are the North Atlantic Ocean and the
northwestern Indian Ocean. A series of procedures for obtaining
interpolated values for the pollen percentages have been
described in Webb et al. (1983a,!). The data for 6000 yr
B. P. are stored as pollen percer:ages, with the sum of all tree
shrub and herdb pollen being used 1n the calculations.

Radiocarbon dates provided the main information used to
estimate the age of each pollen sample. Radiocarbon dates and
dense tephras were used to assign ages to the sample depths in
cores or in sedimentary exposures of the lake samples (Street and
Grove 1979; Street-Perrott and Harrison (1985; Street-Perrott and
Roberts 1983; Smith and Street-Perrott 1983). The plankton data
were compiled from available radiocarbon-dated marine cores with
high enough sedimentation rates and closely spaced samples to
record Holocene climatic variations (Ruddiman and McIntyre 1981).

7. DESCRIPTION OF VARTABLES AND FORMATS

The dataset consists of 55 files. Appendix A of Webb (1985),
which is included in this package as a critical document contains
the master format file which defines the files and their
organization. The total dataset is subdivided into nine groups of
computer files by data type (pollen, lake level, or marine
plankton), and for pollen and marine plankton data, by geographic
regions. Each of the nine groups includes a FORMAT file that
describes the format and contents of each of the other files, an
INDEX file that contains in a tabular format, descriptive
information about each site and its data, a DATA file that
contains the data and available climatic estimates, a PUBINDEX
file containing an index number for locating the bibliographic
citations associated with each site, and a REFERENCE file that
contains the bibliographic c¢itations.

8. KEYWORDS

PALEOCLIMATIC DATA; HOLOCENE; POLLEN; MARINE PLANKTON;
LAKES; GEOGRAPHIC DISTRIBUTION
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10. CONTENTS OF THE DATA PACKAGE

The package contains 55 files of information written in
EBCDIC onto magnetic tape as card images. The contents of each
file is defined in the Data Description section.



The following pertinent literature is also included:

Webb, T. III. 1985. A Global Paleoclimatic Data Base for 6000 yr
B.P. TR018, DOE/EV/10097-6, Carbon Dioxide Research
Division, U. S. Department of Energy, washington, DC.

11. HOW TO OBTAIN THE DATA

The documentation of NDP-011 contains a sample listing and
description of the data files for the use of reguestors who may
not need the computerized data. Requests for computerized data
should be accompanied by a reel of tape and special instructions
for transmitting the data. Tape requests not accompanied by a
reel of tape or instructions will be filled with a standard
‘Jabeled, 6250 BPI, 9-track density tape with files formatted as
listed in the tape contents section.

Requests should be addressed to:
Carbon Dioxide Information Center
Oak Ridge National Laboratery
Post Office Box X
Oak Ridge, Tennessee 37831-2008 USA
(615) 574-0390
FTS 624-0390
12. NUMERIC DATA PACKAGE PREPARED BY:
Carbon Dioxide Information Center
Oak Ridge National Laboratory
Post Office Box X
Oak Ridge, Tennessee 37831-2008
Technical Coordinator(s) - Julia A. Watts
Computer Coordinator(s) - Julia A. Watts

Package Coordinator(s) - Donna M. Stokes

13. DATE OF ABSTRACT

August 1985



MAGNETIC TAPE CONTENTS

Tape Information Package NDP-011
Density 9 Track Date Packaged: 08-85
Most Recent Update:

Logical DCB

File $ and Description Mode Records Parameters

1. Tape information EBCDIC FB 8000 80
2. Retrieval program EBCDIC FB 8000 80
3. Master format EBCDIC FB 1320 132
4, Country codes EBCDIC FB 8000 B0
5. State codes EBCDIC FB 8000 80
6. Dating methods EBCDIC FB 8000 80
7. Site type codes EBCDIC FB 8000 80
8. Data type codes EBCDIC FB 8000 80
9. Dating control EBCDIC FB 8000 80
10. Master index EBCDIC FB 1320 132
11. ENA format EBCDIC FB 1320 132
12. ENA index EBCDIC FB 1320 132
13. ENA data EBCDIC FB 1320 132
14. ENA pubindex EBCDIC FB 8000 80
15. ENA reference EBCDIC FB 8000 80
16. Alaska format EBCDIC FB 1320 132
17. Alaska index EBCDIC FB 1320 132
18. Alaska data EBCDIC FB 1320 132
19. Alaska pubindex EBCDIC FB 9000 80
20. Alaska reference ~EBCDIC FB 9000 90
21. Europe format EBCDIC FB 1320 132
22. Europe index EBCDIC FB 1320 132
23. Europe data EBCDIC FB 8000 80
24. Europe pubindex EBCDIC FB 8000 80
25. Europe reference EBCDIC FB 8000 80
26. USSR format EBCDIC FB 1320 132
27. USSR index EBCDIC FB 1320 132
28. USSR data EBCDIC FB 1320 132
29. USSR pubindex EBCDIC FB 8000 80
30. USSR reference EBCDIC FB 8000 80
31. Lake level format EBCDIC FB 1320 132
32. Lake level index EBCDIC FB 1320 132
33. Lake level data EBCDIC FB 8000 80
34. Lake level pubindex EBCDIC FB 8000 80
35. Lake level reference EBCDIC FB 9000 90
36. Atlantic format EBCDIC FB 1320 132
37. Atlantic index EBCDIC FB 1320 132
38. Atlantic data EBCDIC FB 8000 80
39, Atlantic pubindex EBCDIC FB 8000 80



MAGNETIC TAPE CONTENTS (continued)

DCB
File # and Description Mode Parameters
40. Atlantic reference EBCDIC FB 8000 80
41. Indian format EBCDIC FB 1320 132
42. Indian index EBCDIC FB 1320 132
43. Indian data EBCDIC FB 8000 80
44. Indian pubindex EBCDIC FB 8000 80
45, Indian reference EBCDIC FB 8000 80
46. S. America format EBCDIC FB 1320 132
47. S. America index EBCDIC FB 1320 132
48, S. america data EBCDIC FB 1320 132
49, S. America pubindex EBCDIC FB 9000 90
50. S. America reference EBCDIC FB 8000 B8O
51. New Zealand format EBCDIC FB 1320 132
52. New Zealand index EBCDIC FB 1320 132
53. New Zealand data EBCDIC FB 1320 132
54, New Zealand pubindex EBCDIC FB B000 80
55, New Zealand reference EBCDIC FB 8000 80




MAGNETIC TAPE DESCRIPTIVE FILE

pataset Title: Global Paleoclimatic Data for 6000 yr B.P.

Contributor: Thompson Webb III
Department of Geological Sciences
Brown University
Providence, Rhode Island

Scope of the Data: Pollen, lake level and marine plankton data
on a regicnal and gleobal scale are included in this

dataset. Where possible, gquantitative paleoclimatic values have
been estimated from these data. The data can be used to test
climate model simulations for past climates and the model
simulations of the effects of increasing atmospheric carbon

dioxide on the climate.

Data Format: The data are formatted as 54 files, as described in
Table 1.

REFERENCE(S)

Webb, T. III. 1985. A Global Paleoclimatic Data Base for 6000 yr
B. P. TR018, DOE/EV/10097-6. Carbon Dioxide Research Division,
U. S. Department of Energy, Washington, DC.



FORTRAN IV DATA RETRIRVAL PROGRAM LISTING

DIMENSION DATA(B0)
C INPUT REFERENCE NUMBER
INP=5
C OUTPUT REFERENCE NUMBER (DEFAULT=6, LINE PRINTER)
IOUT=6
C READ ALL 53 FILES OF DATA ON THE TAPE AND PRINT OUT
DO 10 J=1,53
1 CONTINUE
READ{(INP,100,END=99) (DATA(I),I=]1,80)
100 FORMAT (B0Al)
WRITE(IOUT,200) (DATA(I),I=1,80)
200 FORMAT(1H ,80Al1)

GO T0 1 :
c READ OVER TAPE MARKS WITH DUMMY STATEMENT
99 READ(INP,1120) DUMMY

READ(INP,110) DUMMY
110 FORMAT (A4)
10 CONTINUE

STOP
END



TABLE 1. Contents of the 6000 yr. B.P. tape.

Label 1: WASTER.FORMAT

This file contains 3 description of the layout of the GH data
taps. The tape includes documenation as well as data files.

The tape contains polien, lake level, and marine plankton data
from 6000 yr. B.P. and was prepared by T. Webb snd R. Arigo at
Brown University, Spring, 1984,

The data appears in files subdivided by region and dats type.

Pollen data are in the subdivisions: ENA (Ematern North America),
ALASKA {Morthwest Canadas and Alaska), EUROPE, USSR, and SAMERICA
{South America}, and NEW2EAL (New Zealand}. The subdivision
LAKELEVL (Lake Level] contains a global set of data on laske levels
{i.s. the scalad height of water levels in lakes). The subdivisions
ATLANTIC (Atlsntic Ocean} and INDIAN {Indian Ocesn) contain
planktonic foraminifera dats from these oceans, and data from
isolated cores in the Pacific and Southern Oceans are also inciuded
in the subdivision ATLANTIC. Within each region, files with the
filetype of FORMAT (e.g. ENA.FORNAT) contsin documsntation pertaining
to the data files for thast psrticular region.

Label 2. COUNTRY.CODES

This file contains a list of country names along with its associated
index number. The country codes appesr in all =, INDEX files (whera
¢ i MASTER, ENA, ALASKA, EUROPE, USSR, LAKELEVL, ATLANTIC, INDIAN,
SAMERICA, or NEWZEAL).

Beginning Ending Field
Field Name Column Column Description
Country code 3 4
Country name 7 a0

Label 3: STATE.CODES

This file contains a 1ist of state names, Cansdian provinces, snd
U.5. territories along with their postal sbbreviations. The state
codes appear in all = IRDEX files.

. Beginning Ending Field
Fieid Name Column Column Description
Postat abbreviation 2 3
State name 7 35

Label 4: DAYING.MNETHODS

This f1le contsins s Vist of dating methods used along with its
sssociated index number. Some dating methods sre a combination of
2 or more dating methods previously listed. The combinations are

listed by dating method number. This code appears for esasch site
in a1l », INDEX files.

deginning Ending Fiald
Field Name Co lumn Column Description
Dating method number 1 2
Dating method 5 55



TABLE 1.

Labe)

Label

Label

Label

(continued)

5:

6:

7

SITETYPE .CODES

Tﬁis file contains & 116t of site type codes
description of the code .
justified in its field.

The sitetype code C
This code is used in

gites in all « INDEX files.

Field Name

- .- -

Site type code
Site type

DATATYPE.CODES

geginning
Column

Ending
Column

This file contains 2 1ist of data Lype
of the code. The data type

Data type code
Data type

DATING.CONTROL

Thing Tile contlaine & lisl of C©
of dating control for the
B.P. These codes appear

Field Name

Dating control code
Dating control

BASTER.INDEX

This file contains infor
of the global data set.

Field Name

TAPE 1D number
Dataset 10 number
Site Nname

Lattitude in degrees
Latitude in minutes
Latitude character
Latitude in decimsl
Longitude in degrees
Longitude in minutes
Longitude character
Longitude in decimal
Elevation in meters
Postal code

Country code
Sitetyps code

Type of dats
Publication number
Number of C-14 dates
Dating control code
Dating method code

Baginning
Column

- -

codes appesr

Ending
Column

odus (1

data st a selected

Field

Fleld
Description

along with 2
haracter is left
describing the

Description

codes along with 3 description
jn all = INDEX files.

s=at rank the dogres

in all =, INDEX Ffiles.

Beginning
Column

1
5

mation asbout esch si
There is one line ©

Beginning
Column

10

Ending
Cotumn

50

Ending
Cotumn

6
12
44
48
51
53
60
65
68
70
T8
1
90
94
98
102
109
115
121
125

Fleld
Description

P L. R L

Field
Description

P L E

date, e.g. 6000 yr.

te in each subdivision
¢ informstion per site.

N=North, SsSouth

Walest,

Refer
Refer
Refer
Rafer
Refer

Refer
Refer

to
to
to
to
to

to
to

EwEost

Label 3: STATE.CODES
Labet 2: COUNTRY.CODES
Label 5: SITETYPE.CODES
Label 6: DATATYPE .CODES
s, PUBINDEX files

Label 7: DATING.CONTRDL
Label 4: DATING.METHODS



TABLE 1.

Label

Label

Labe!

Label

Label

Labe]}

Labaet

Labe1

Labe)

Label

Labe?

Label

Label

10:

11:

12:

4

t5:

20:

21

(econtinued)

ENA.FORMAT

Dascribes the information and its format in each of the other
ENA filles.

ENA.INDEX

Provides descriptive tnformation about each site in ENA and
its dats.

ENA.DATAEK

Contains the pollen data and available climatic estimates from each
site tn ENA for 6000 yr. B.P. Data compiled by T, Webb and P.J.
Bartlein,

ENA.PUBINDEX

Lists the index number for each publication along with the author
and date.

ENA,REFERENC

Lists the reference number along with the full bibliographic
referances.

ALASKA .FORMAT

Describes the information and its format in sach of the other
ALASKA files. '

ALASKA. INDEX

Provides descriptive information about esach site I1n ALASKA and
its data.

ALASKA .DATAGK

Containg pollen data from each site in ALASKA for 00D yr. B.P,
Data suppled by P.M. Anderson.

ALASKA . PUBINDEX

Lists the index number for each publication along with the author
and date.

ALASKA .REFERENC

Lists the reference number along with ful) bibliographic references
for the data.

EUROPE . FORNAT

Describes the information and its format in each of the other
EURDPE files.

EUROPE. INDEX

::ovid-s descriptive information about each site in EURDPE and
s dats.

EVROPE.DATAGK

Contatne polilen data and svailable temperasture estimates from each
aite tn EUROPE for 6000 yr. B.P. Data supplied by B. Huntley and
1.C. Prentice.

11



TABLE 1. (continued)

Label 22: EURDPE.PUBINDEX

Lists the index number for each publication and an abbreviated
reference.

Label 23: EUROPE.REFERENC
Sae Label 22: EUROPE.PUBINDEX for abbreviated references.

Label 24: USSR.FORMAT

Describes the information and its format in each of the other
USSR files.

Label 25: USSR,INDEX

Provides descriptive information sbout sach site in the USSR and
its data,.

Label 26: USSR.DATAGK

Contains pollen data from each site in the USSR for €000 yr. B.P.
Dats supplied by G.M, Peterson.

Label 27: USSR.PUBINDEX

Ltzsts the index number for each publicstion along with the auinor
snd date.

Label 28: USSR.REFERENC

Lists the reference number along with the full bibliographic
references for the dats.

Label 29: LAKELEVL.FORMATY

Describes the information and its format in each of the other
LAKELEVL files.

Label 30: LANELEYL.INDEX

Provides descriptive information about each LAKELEVL site asnd
its data.

Label 31: LAKELEVL.DATAGK
Containa information sbout the relative water level (high,
tntermediate, low) at each site for 6000 yr. B.P. Dats supplied
by F.A. Street-Perrott, S. Harrison, and N. Roberts.

Labet 32: LAKELEVYL.PUBINDEX

Lists the index number for esch publication along with its associated
reference numbers.

Label 33: LAKELEVL.REFERENC

Lists the reference number for each reference slong with the
author(s), date and full reference for the data.

12



TABLE 1.

Label

Label

Label

Labe?

Label

Labael

Label

Label

Label

Label

Labe!

Labet

Label

fasbe)

34

35:

36:

ar:

38:

39:

40:

41:

42:

43:

44

45:

46:

47

(continued)

ATLANTIC.FORMAT

Describes the information and its format in each of the other
ATLANTIC files.

ATLANTIC.INDEX

Provides descriptive information about each site in the ATLANTIC

Ocean and its datas.

ATLANTIC.DATAEK

Contains foraminifera data and sea-surface temperature estimates for
000 yr. 8.P. Data supplied by ¥.F. Ruddiman and J. Morley.

ATLANTIC.PUBINDEX

Lists the index number for esch publication along with its associated
reference numbers.

ATLANTIC.REFERENC

Lists the reference number along with the full bibliographic
references for the data.

INDIAN,.FORMAT

Describes the information and its format in each of the other
INDIAN files.

INDIAN. INDEX

Provides descriptive information about each site in the INDIAN
Gcean and its datas.

INDIAN.DATAGK

Contains foraminifera dasts and sea-surface tempersture estimates
for 6000 yr. 8.P. Dats supplied by ¥W.L. Prell and R. Harvil,

INDIAN.PUBINDEX

Lists the index number for each publication along with its associated
reference numbers.

INDIAN.REFERENC

Lists the reference number along with the full bibtiographic
references for the data.

SAMERICA .FORMAT

Describes the information and its format in each of the other
SANERICA files.

SAMERICA . INDEX

Provides descriptive information about each site in SAMERICA and
its dats.

SAMERICA.DATAGK

Contains pollen data from each site in SAMERICA for 6000 yr. B8.P,
Dats supplied by V. Warkgraf.

SAMERICA .PUBINDEX

Lists the index number for each publication along with the reference

13



TABLE 1.

Label

Label

Labe)l

Label

Label

Label

48

s

49:

so:

52

N

53:

{concluded)

numbers, authoris), and date for SAMERICA.

SAMERICA .REFERENRC

Lists the reference number along with the full bibliographic
references for the data.

NEWZEAL .FORMAT

Describes the information and its formatl

NEWZEAL files.

NEWZEAL.INDEX

in each of the other

Provides descriptive information sbout each site in NEWZEAL and

its data.

NEWZEAL .DATAGBK

Contains pollen data from esch site in KEWZEAL for 6000 yr. B.P.
Data supplied by M.5. NcGlone.

NEWZEAL .PUBLINDEX

Lists the index number for each publication along with the reference

numbers, authori{s), and date for the dats.

NEWZEAL .REFERENC

Lists the referance number along with the full bibliographitc
references for NEWZEAL.

ENA
ALASKA
EUROPE

USSR
LAKELEWL
ATLANTIC

IND1AN
SANERICA
NEWZEAL

FORNAT

INDEX

Label 10

Label 15

Label 35

Label 40

14

DATAEK

Label 11

PUBINDEX

Label 37

[ L L)

Label 42

REFERENC

Label 13
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ABSTRACT

Pollen, lake-level, and marine plankton data form a global data base with 787 stations for 6000
yr B.P. Sets of pollen samples are available from eastern North America, Alaska, Europe, the
Soviet Union, South America, and New Zealand. Sites with lake-level data provide coverage in
Australia, Africa, southwestern Asia, and western North America, as well as in eastern North
America and South America. Marine plankton data are mainly available from the North Atlantic
and northwestern Indian Oceans, but isolated samples exist in the Pacific and Southern Oceans.
Estimated temperature values are available from eastern North America, Europe, and the ocean
samples, and estimated precipitation values exist for central North America and for isclated sites in
India and Africa. The data are displayed on maps, and the site locations and other descriptive
information are listed in tables. The data set is available on tape or disk from Carbon Dioxide
Information Center at Oak Ridge National Laboratory.






INTRODUCTION

The testing of climate-model simulations for past climates requires subcontinental to global
maps of paleoclimatic data. Such maps reveal the magnitude and pattern of climatic variables at
enough model grid-points that useful comparisons are possible. CLIMAP (1976) pioneered in
quantitative paleoclimatic reconstruction at a global scale for 18,000 yr B.P., and presented a
contoured map of estimated sea surface temperatures. Sarnthein {1978), Street and Grove (1979),
Denton and Hughes (1881), and Peterson et al. (1979) complemented this effort with global maps of
terrestrial data, and Gates (1976a,b) and Manabe and Hahn (1977) used the CLIMAF (1976) data
in simulations of the full glacial climate with general circulation models (GCM). Recent GCM-
modeling of Holocene climates requires comparable syntheses of Holocene data (Kutzbach, 1981:
Kutzbach and Guetter, 1984: Webb, 1984). A global set of paleoclimatic data for 6000 yr B.P. has
therefore been assembled as the initial phase of a long-term project to map the global-scale patterns
in the c¢limates of the past 20,000 years and to test climate model simulations for various dates
during this time period (Webb, 1985: Webb et al., 1985).

The current data set consists of pollen, lake-level, and marine plankton data and, where
possible, includes quantitative paleoclimatic values estimated from these data. Pollen data record
the broad-scale vegetational patterns that are related to climate (Webb, 1985), and lake-level data
record the relative water depth in lakes and thus provide records of past changes in moisture
(Street-Perrott and Harrison, 1985). The marine plankton data contain information about the
geographic distribution of plankton, which like the vegetation reflect climatic patterns. The two
main reasons for choosing these three types of data were that 1) they are guantitative and can be
calibrated in climatic terms and 2) they occur in networks of samples with good dating control and
broad geographic coverage. As currently assemnbled, the data set provides a core of paieocliratic
information about 6000 yr B.P. to which information from ather sources such as ice cores (Lorius et
al., 1984: Neftel et al., 1982), paleodunes (Sarnthein, 1978), paleosols (Ruhe, 1983), and fluvial
geomorphology (Knox, 1983) can be added.

This report provides a description of the current global data set for 6000 yr B.P. that is stored
in computer files and available from Carbon Dioxide Information Center at Oak Ridge National
Laboratory. A full climatic interpretation of the data will appear in "Global Climates 6000 and
9000 yr B.P." (COHMAP Members, in prep.), which will include chapters describing the regional
data sets as well as chapters describing global maps of the data and climatic estimates derived from
the data. Two of the Appendices (C and J) describe subsets of the global data set, and Bartlein et
al. (1984), Bartlein and Webb (1985¢c), Huntley and Birks (1983), Kutzbach (1980), Smith and
Street-Perrott (1983), Street-Perrott and Harrison (1985), Swain et al, (1983), Webb (1985), Webb
et al. (1985), and Wright (1984) describe the data and their interpretation,

Kellogg (1978) and Butzer (1980) first published global maps of mid-Holocene climatic
conditions as possible analogs for future warm climates induced by doubling the concentration of
atmospheric carbon dioxide. As pioneering studies, their work highlighted the need for global
paleoclimatic maps, but their maps were qualitative, showed no sites, mixed data from a 3000- to
4000-year interval, and contained no detailed documentation or reference lists. A critical review of
their work suggested a need for well documented data sets with quantitative paleoclimatic estimates
from as narrow a time range as possible. The data set described in this report represents an effort
to meet this goal for data from the mid-Holocene. Problems can arise when data from 6000 yr B.P.
are used to provide climatic scenarios for possible CO, -induced climate, because the seasonal
radiational heating at 6000 yr B.P. was significantly different from today (Berger, 1978: Kutzbach
and Guetter, 1984: Webb and Wigley, 1985), and no clear evidence exists that the global mean
temperature was higher than it is now (Webb and Wigley, 1985). These points are further
discussed in the Discussion section of this report.



THE DATA SET
The Global Data Set

1. Computer Files of 6000 yr B.P. Data

The global data set is stored in a series of computer files. Appendix A contains the Master
Format File that lists all the files and shows how they are organized. Appendix A also contains
several tables with descriptive information about codes (e.g., country code or state code) used in
describing the sites with data for 6000 yr B.P.

The total data set is subdivided into nine groups of computer files by data type (pollen, lake
level, and marine plankton) and, for polien and marine plankton data, by geographic regions, The
pollen data are subdivided into groups of files for eastern North America, Alaska, and northwest
Canada, Europe, the Soviet Union, South America, and New Zealand, and the marine plankton data
are divided into two groups, one for data from the Atlantic, Pacific and Southern Oceans and the
other for data from the Indian Ocean. Each of the nine groups of files includes 1) a FORMAT file
that describes the format and contents of each of the other files, 2) an INDEX file that contains in
tabular form descriptive information about each site and its data, 3) a DATAG6K file that contains
the data and available climatic estimates, 4) a PUBINDEX file that contains an index number for
locating the bibliographiic references associated with each site, and 5) a REFERENC(E) file that
contains the bibliographic references. Some of the key information within INDEX files are listed in
Tables 1-4, 6-8, 10, and 12, and the contents of the PUBINDEX and REFERENC(E) files appear in
Appendices B, D-1, K, and L.

2. The Global Distribution of Sites with Data

On a global scale (Fig. 1), the majority of the sites contain pollen data (622 sites) with lake
level samples next most abundant (119 sites) and marine plankton data least abundant (56 sites).
Among the data compiled so far, coverage for pollen data is densest in eastern North America,
Europe, the western Soviet Union, and New Zealand. Sparse networks of sites also exist in Alaska,
South America, and the eastern Soviet Union. Coverage for sites with lake level data is densest in
Africa, southwestern Asia, the southwestern United States, and southern Australia. These sites
provide coverage in many of the terrestrial areas where pollen sites are sparse. The slow
sedimentation rates in mavrine cores precludes there being many Holocene samples, and some areas
such as the central Pacific Ocean contain none. The densest coverage for marine data is in the
North Atlantic Ocean and northwestern Indian Ocean (Fig. 1.

Pollen Data

1. Eastern North America

The pollen data were obtained from computer files of the pollen counts that are stored in the
data base of pollen data at Brown University. At each site, radiocarbon dates provided the main
information used to estimate the age of each pollen sample. Webb et al. (1983a,b) have described
the series of procedures followed in obtaining interpolated values for the pollen percentages at 6000
yr B.P. The data for 6000 yr B.P, are stored as pollen percentages, and a sum of all tree shrub and
herb pollen was used in calculating the pollen percentages.
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“The coverage of the 211 samples in eastern North America is fairly uniform with the densest
coverage in the northern United States and southeastern Canada (Fig. 2: Table 1). Appendix B
lists the bibliographic references for the pollen data. Webb et al. (1983a,b) and Webb and Bartlein
{in prep.) have mapped and described many of the changes in the pollen data between 6000 yr B.P.
and today. They have also interpreted these changes in vegetational terms. The changes include
the westward movement of the prairie forest border, the southward movement of the southern edge
of the boreal forest, the slight southward retreat of oak ( Quercus) populations along their northern
border, and the expansion of southern pine (Pinus) populations in the Southeast (Fig. 3). The
northern edge of the boreal forest as indicated by spruce (Picea) polien also expanded northward in
northern Canada (Fig. 3). Appendix C describes specific work to add new data in eastern Canada to
study this expansion of spruce populations.

Bartlein and Webb (1985¢) have recently used the climatic calibration methods of Howe and
Webb (1983) and Bartlein and Webb (1985a,b) to produce estimates of mean July temperature for
the 6000 yr B.P. pollen data (Fig. 4). Bartlein et al. (1984) have also provided precipitation
estimates for the pollen data in the northern Midwest (Fig. 5).

2. Alaska and Northwestern Canada

Anderson (1982) compiled the initial set of pollen data for 6000 yr B.P. for Alaska and
northwestern Canada. Anderson and Brubaker (in prep.) and Ritchie (in prep.) have recently
described the data and the methods of data compilation. At each site radiocarbon dates provided
the main information used to estimate the age of each pollen sample. Interpolation of the data for
6000 yr B.P. was often done from the published pollen diagrams (Anderson, 1982). The data for
6000 yr B.P. are stored as pollen percentages, and a sum of all tree, shrub, and herb pollen was

used to calculate the percentages.

The data coverage is sparse but fairly uniform in northwest Canada, but it is patchy in Alaska
with dense coverage in the central and northwestern regions (Fig. 6; Table 2; Appendix D for
bibliographic references). The mapping and climatic calibration of the pollen data are in progress
and are described in Anderson and Brubaker {(1985; in prep.) and Ritchie (in prep.). Ritchie (1984)
has provided a recent summary of paleoecological research in the Mackenzie Delta area.

3. Europe

Huntley and Birks (1983) compiled the pollen data for 6000 yr B.P. for Europe. Their atlas
provides a thorough description of the data and the methods used in compiling the data.
Radiocarbon dates were used at most sites in assigning ages to the pollen samples. The pollen
percentages for 6000 yr B.P. were often read off published pollen diagrams. The data for 6000 yr
B.P. are stored as pollen.percentages, and a sum of all tree, shrub, and herb pollen were used to
calculate the percentages.

The data coverage is fairly uniform in northern and central Europe, France, and the Alps but is
sparse in the southeast and southwest (Fig. 7; Table 3: see Appendix E for bibliographic
references). Maps of the pollen data show that spruce (Picea) and beech (Fagus) populations
expanded westward (Fig. 8), hazel (Corylus) populations decreased, and oak ( Quercus) populations
moved southward slightly (Fig. 9).

Huntley and Prentice (in prep.) have used the methods of Howe and Webb (1983) and Bartlein
and Webb (1985a,b) to estimate mean July temperatures for 6000 yr B.P. (Fig. 10). In most of
Europe, July temperatures have decreased since 6000 yr B.P. with the largest decrease of 4°C in
the Alps. Only in the southeast did the mean July temperature increase (Fig. 10). Other



Figure 2, Location of sites with pollen data for 6000 yr B.P. in eastern North America.
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Figure 3.

SEDGES '@ '

SPRUCE |

10,000

18,000 12,000

TIME IN YEARS BEFORE PRESENT

Vegetation change in eastern North America during the past 18,000 years
from full glacial conditions (18,000 years ago) until just before European
settlement (500 years ago). These maps provide a context for judging the
changes since 6000 yr B.P. Crosshatched area is the ice sheet. Areas with
heavy stippling (HS) and light stippling (LS) show regions with different
concentrations of pollen types, expressed in percent of the total pollen rain
observed at 14 sites for 18,000 yr B.P., 50 sites for 12,000 yr B.P., and over
200 sites at younger times. The distribution of leafy herb and sedge polien
(>5%, LS; >10%, HS) represents various types of prairie, tundra, and open
woodland vegetation. The distribution of spruce pollen (>5%, LS; >20%,
HS) indicates the development of spruce woodlands and (since 6000 B.P.) the
boreal forest. The changing distribution of pine pollen (>20%, LS; >40%
HS) represents the northward movement of northern pine forests from South
Carolina and Georgia to the Midwest, and the recent development of the
southern pine forests. The distibution of oak pollen (>5%, LS; >20% HS)
reflects the extent of deciduous forest. Note that the regional vegetation
pattern is always changing in response to natural changes in radiative and
climatic boundary conditions. A particularly rapid change in vegetation, ice
volume, and climate occurred between 12,000 and 10,000 years ago
(coinciding with a maximum in Northern Hemisphere summer insolation),
whereas the major change in the area of the North American ice sheet
occurred later (ice margins derived from Denton and Hughes, 1981).
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Figure 5.
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Maps from the northern
precipitation today (194
from pollen data by Bartlein et al. (1984),

years B.P.) for the 20% isofrequency contour
ragweed, pigweed family,
annual precipitation values

Midwest that show a) the distribution of annual
1-70), b) estimates of annual precipitation derived
¢) isochrones (in thousands of

for prairie forb (sum of sage,
and daisy family) pollen, and d) the ratio between
for 6000 yr B.P. and those observed today.
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Figure 6. Location of sites with pollen data for 6000 yr B.P. in Alaska and northwest
Canada (modified from Anderson, 1982),
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Figure 7. Location of sites with polien data for 6000 yr B.P. in Europe (medified from
Huntley and Birks, 1983).
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Figure 8.

Maps showing the distribution of beech (Fagus) and spruce (Picea) polien at
6000 and 500 yr B.P. Contours indicate regions with 5%, 20%, 40%, and

60% of each pollen type. Maps modified from Huntley and Birks (1983).
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calibration work in Europe has recently been described by Guiot {1985},

4. The Soviet Union

Peterson (1983, 1984) compiled the pollen data for the Soviet Union and has described the data
and the methods used in obtaining the estimates for 6000 yr B.P. All the data were read from
published pollen diagrams, and the pollen percentages were recalculated using a sum of tree, shrub,
and herb pollen. Radiocarbon dates were used to estimate the age of the pollen samples at most of
the sites.

The data coverage is densest in the northwestern Soviet Union and sparse in the southcentral
and eastern regions (Fig. 11; Table 4; see Appendix F for bibliographic references). Peterson (1983)
has described the patterns of pollen for 68000 yr B.P. and their changes since then. FPopulations of
spruce trees have moved eastward in the western Soviet Union, and the values of deciduous forest
trees have decreased.

Peterson (1983) used the methods of Howe and Webb (1983) and Bartlein and Webb (1985a,b)
to estimate mean July temperatures from the pollen data at four sites near Moscow (Table 5}, The
estimates indicate a decrease in temperatures of about 2°C since 6000 yr B.P. and are in good
agreement with those of Huntley and Prentice (in prep.). Grichuk (1969), Khotinskii (1984) and
Kliminov (1984) have also provided climatic interpretations of pollen data from the Soviet Union.
They are in generally good agreement with those of Peterson (1983) for 6000 yr B.P.

5. South America

Markgraf (in prep.) compiled the pollen data for 6000 yr B.P. from South America. Most of
the data were obtained by interpolation from published pollen diagrams, and the pollen percentages
were recalculated using a sum of all tree, shrub, and herb pollen. Radiocarbon dates were used to
estimate the age of the polien samples at all of the sites.

The data coverage is generally sparse in South America with most of the sites located in or
near the Andes Mountains (Fig. 12; Table 6; see Appendix G for the bibliographic references). The
data are not dense enough for producing contour maps. Markgraf (in prep.) has described the
patterns in the pollen data. Heusser and Streeter (1980) have produced some initial temperature
and precipitation estimates from one site in Chile. An increased number of modern pollen data are
needed before more work of this type can be attempted,

6. New Zealand

McGlone et al. (in prep.) and Salinger (1984) have compiled the polien data for 6000 yr B.P.
from New Zealand. Most of the data were ebtained by interpolation from published pollen diagrams
or from the pollen counts, and the pollen percentages were recaiculated as a sum of tree, shrub, and
herb pollen. Radiocarbon dates were used to estimate the age of the pollen samples at all of the
sites.

The data coverage is fairly uniform, but no sites with data exist in the far north of the North
Island or along the southwest side of the South Island (Fig. 13; Table 7; see Appendix H for
bibliographic references). McGlone et al. (in prep.) have described the main patterns in the pollen
data and noted an expansion in Nothofagus dominated forests about 6000 yr B.P. This change may
reflect changes in both temperature and precipitation as westerly and southerly winds increased.
Climatic calibration work awaits completion of a network of modern pollen samples.

26

o



(ERGT) UOSINS] WOLf JB BIBp JY[, "Uolu[] 191A0g 3Yy) ul "J'g 14 0009 10j ©rep udjfod Y S)IS JO UONEI0]

11 8andig

27



L00S '
6E05S L
0zos L
0Zos L
£zos L
12065 L
€105 L
€105 L
£10s L
LZOS L
L1108 L
LEQS '
G006 }
TEOS [4
9005 }
900% S
'Y AR 5
G109 b
0Los [4
Z10S '
9£0S }
108 ¥
910§ 1
E1QS g
SE0G [A
£€05G ¥
£€0S 4
vZO0S |
vZ05 |
| ZAV |
€105 }
1705 !
1108 |
0105 I
€10% L
€109 S
9z06 )
GZ0S v
¥205 t
LEOS ]
8009 Z
£108 ]
¥£0S L
1205 t
6209 |
8e0s L
1EQG [4

FET LT
xapuj
UG} 1ED}LGNG HueY JIQUNN

sayeq SPOYIDH
§1-3 JO |043uU0)

Buy e

uajlod
:U——O&
ualjoed
uaj|1od
ual |1od
uayj|od
ua|1od
uapiod
:@——01
:w——o&
ual | Od
ua| | od
uatLod
ual |od
EUPPDL
uag1od
EUF—OQ
ud|10d
uallod
:N——Q&
ud| 1o0d
uadl | Od
ua| | od
uai L Cd
uaLod
Ew——oﬁ
uaLod
uajiod
ua| 1od
EQ——OQ
uaLod
ua|1od
:@—ﬂoﬂ
ual |od
uay | od
nmP—°L
ua| LOd
uayi lod
ﬂm——oﬁ
CU—#GB
ua| {0d
uagLad
udi 1od
uay|Lod
uayod
cu——o&
uajp oy

adA) ejeq

pbog
bog
Bbog
bog
bog
bog
Bog
Bog
Boq
bog
bog
Bog
pog
bog
boqg
Hog
boqg
Hog
bog
bog
6oq
Hog
bog
bog
Bog
hog
Bog
bog
bog
tog
Bog
bog
bogq
bog
Bog
Bog
Bog
bog
bog
Gog
wnjAngLY
unganily
wny ANy
wnyAnL LY
wuniAny LY
uniAng Ly
wnpAn| LY

adAy 814§

uojun 313}A0S
uoun 131405
uotun 3134A0S
uojun 124A05
o uUn 121A0S
uopun 131A05
uolun 3I2EA0S
uQiuf 334A05
uoyun 334A0S
uotun 131A0S
uaiun 131 A05
uopuf 131A0S
uoun 134 A09
uoLun 131A0S
uoLun 191 A0S
uopun 131A0S
uoLufn 13 A0S
uoLun 134A0S
uoun 19 A0S
uoun 131A0S
uoufl 131A0S
uaun 131A0S
uopun 33 ACS
UoLUn 18LA0S
uopun 13 A0S
uopun IJLA0CS
uouf 124A0S
uoun 131408
uapun 191408
uo LU J@1A0S
uojun }apaos
uatun I3 1A0S
uQjun 121A0S
uotuf 13408
uopun 194A0S
uo LU 131A0S5
uojun 134A0S
uoyun 33 4A0S
uotun 12A0S
uojun 131A0S
uoiun 131A08
uoufl 191A0S
uopun 33A0S
uopun 134A08
uoyun 3131A0S
uGaLup 13}A08
Uo U 391 A0S
Adjuna)

cuajun 124A0%

9L
T
9L
9L
LS¥

9L
gL
9L
9L
9.
LSY
0
9L
9L
9L
9L

fu)

UoE1eADL ]

3 1% ME N 6v 6F
3 £y 6y N EE G5
3 61 gL N 0¥ S9
3 Er §9 N EE E9
3 01 6§ N OF ¥G
30 63 NO 99
3 vE 18 N OE S§
30 08 N 6} SS
3182 9 N O ¥9
102 £L N #t 19
367 0y N 8% 95
386z N6 85
3 .7 ¥8 N 0§ 9§
31 L9 SE N LS 95
31 6L N T 09
3£y 69 N EE E9
3 61 96 N L¥ LS
32 01y N OZ ¥S
3 ¢¢ 25 N 01 49
3 1z LT N 91 €S
3 61 LT N 92 BS
3 0y 0F NO 09
30 BE N 0G9S
3 #5 LE N ¥E LS
3 Lk VT N 1S 8BS
346 1t N GE ¥9
3 g1 26 N S¥ 19
3 £y ¥ NS CTF
3¢ E N LG 8
3 06 vE N IE LS
36 09 NO (S
3 6y 8% N Gy 8BS
3 vz 8L N OZT 09
30 8 NO OL
36 €8 NS 96
1 06 E6 N 81 6§
3 §E 94 N 95 09
30 69 N T 6S
3 0z Ot NE 0%
1zZy ¥z N O 65
3 26 Ivl N BI b9
3 66 621 N O 29
3 66 1Et N 6 6§
30 0L NO 69
3 95 ¥ N 8F Z9
3 g St NZ ES
3 9¢ 86 N S¥ 0L
(saynupu) {sajnauiw)
(saaubap) (saa.bap)
apnyibuoy  2pnitie

ay) wouj eI€Q uUdLL0d

2OUEADZR |W| 3K
oOAOUR ]
jaaoswe]
Aueyybng
QONSHNLLNEL
apupJeymnld
wey jiusue}Lbag
wepy §EXSUEAN
grul}aes

ynbang J43ALY

1 usAiumes

} SHAN

woj J43A4Y

UHON HEHSULYSS0
aoud4ejul H3AY
uebng ueybny
EMURLLANW

aysaeq 43A1H4
ePIYWIEN

eujLey

NYLAES
JoNSULIUNET

£ 20%SACURA]
dny-0y510A010d
NJ4BYYeA

ong-o0N
aouuopzag

20)s eL]
*1AJIN-0ADSI]L
20HSUIYDIIASH
JOWSIe Y
QuiHu |l §-0udan
JE] upyseyn
ppusupbaey s4n
1 auebnisex
WOPOJOH-1id
WEAD) JBA-DUYZIN
ouys4ad 109
200SAO|EANHS

| eLnbyN
ueW} I3 BS

" aouapedy 04320
yyaeMLag
yagtanl

Buaped
FEUSULHUSEYLEE
eyruewoy 108 J43ALY

suEN A4S

404 uoj)ewIogu] 334S 'y @1GeL

28



6108 v I | Ha | Gd aye’ uoiun }ALA0S  BEIT 3 8F TO) N S 19 ELUNKH)
6008 z [4 ! ual | od axel uolun 3184A05  0S1 30 B¢l N 0§ 89 1405
0¥ 05 L Q 0l uay1od aye uopun 13LA0S  9¢ 3 0F i9 N OF 9F 2ag |eJy
£10% ¥ 9 | uajod oy wojun 39§a0s 94 1 6 4¢ N 1§ 9§ Ouwog
TTOS | ¥ ! ud| | 0d Wueyl allled uopun 131A05  S0E 3 0F 9§ N¥v L ryosojodedny (og
910§ L [4 | ualiod Bog uotun 321A0S 9L 3 42 0L N OT TS SYI LAUJIHD JIALH
8105 L ! b uay|od bog uojun 19ya05 7G5 3 85 65 N EI 95 $1YSAOMYSN
€105 L o ot uz|1od bog uojun 131405 9i 3 8¢ 851 N 8 ¥S ereysuebayy
£105§ I [ | uajlod bog uojun 313LA0S 9L 3 Lp 951 N B LS OAOZRIEJ L RYY-3ISH
£1as 4 £ ' uajod bog uotun 3I91A0S BEZZ 3 6% 5G4 N PE S8 LR
£105 ¥ v } uadjjod bog uarun 131A05  1ET 38 Ikl N ¥Z 1S epueqn
L00S Z g i uay |od bog uojun 33tA05  1E2 3 6E #T N ZZ 0§ Il Acue}O}S
L00% I S ) ua| [od bog uojun }a4A0$  IE2 3 0652 N OF B¥ 11 Asiyzolez
A@qUNN sajeq SPoOYISW {sainuiw) (Sajnujw)
¥apul Fl-2 49 LOAUO) {w) (saa.4Bap) (saasbap)

uOjIeDL | Qnd Muey Jacuny  Bujyeg adA| ejeg adA] 978 A43unod uoijeaatl apnyibuoy apniie awey @148

{panujuod) p 2(9e)

29



Table 5. Estimates for Mean July Temperature from the Western Soviet Union

(from Peterson, 1983).

Site

Orshinskii Mokh
Osechenskoe
Ivanovskoe

Polovetsko-Kupanskoe

Latitude

56°57'N
57°31'N
56°50'N

57°34’'N

Longitude

36°20'E
34°50°E
39°00°E

37°54'E

30

Temperature (°C)

Today

18.2°C
18.0°C
18.4°C

18.2°C

6000 yr B.P.

19.8°C
19.4°C
19.8°C

20.2°C
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Figure 12. Location of sites with pollen data for 6000 yr B.P. in South America. Data

from Markgraf (in prep.)
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Figure 13. Location of sites with pollen data for 6000 yr B.P. in New Zealand. Data
from McGlone et al. (in prep.).
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Lake-Level Data

Street and Grove (1979), Street-Perrott and Harrison (1985), Street-Perrott and Roberts
(1983), and Smith and Street-Perrott (1983} have described the methods used in compiling and
developing the global set of lake-level data. Radiocarbon dates and dated tephras were used to
assign ages to the sample depths in cores or in sedimentary exposures. Data from the latter
exposures were the most common, For selected dates, the depth of water in each basin was
recorded to be in one of three categories (high, intermediate, or Jow status) that are defined relative
to the total range of fluctuation in each basin in order to provide comparable results among basins
of various sizes and depths. The lake level is considered 1) high if the water level is higher than
70% of its maximum height, 2) low if the water level is lower than 15% of its maximum height, and
3) intermediate if in between.

The initial data were assembled from closed-basin lakes in arid regions (Street and Grove,
1976, 1979: Smith and Street-Perrott, 1983). Recent efforts have concentrated on adding data
from lakes in currently moist areas (Appendix J). Data are available from most continental areas
with densest coverage in Africa and southwestern North America and sparse coverage in eastern
Asia and South America (Fig. 14; Table 8; see Appendix I for bibliographic references).

At 6000 yr B.P., lake levels were high in many lakes in Africa, northwest Indian, and
Australia (see Appendix J). Steppe and savanna vegetation grew where the Sahara and Rjasthan
Deserts are today. Conditions in these areas were much moister at 6000 yr B.P. than they are
today. For high water levels in several basins in Africa and northwest India, Kutzbach (1980),
Swain et al. (1983), and Hastenrath and Kutzbach (1983) have used an energy-budget hydrological
model to estimate that the mean annual precipitation was 30 to 300 mm higher at 6000 yr B.P.
than it is today (Table 8). Work is in progress to use the hydrological model on other basins and to
improve it for use on lake level data from temperate regions.

Marine Plankton Data
1. Atlantie, Pacific, and Southern Oceans

Ruddiman and Mclntyre (1981), Ruddiman (in prep.), and Morley (in prep.) compiled the
plankton data available from radiocarbon-dated marine cores with high enough sedimentation rates
and closely spaced samples to record Holocene climatic variations. The methods of data preparation
are well described in Ruddiman and Mclntyre (1981). Radiocarbon dates were available for all
cores used, but other stratigraphic information, e.g., ash layers, % calcium carbonate, and
oxygen-18 to oxygen-16 ratios, was used to supplement the dates in estimating the ages for each
sample depth in a core. Percentage data from foraminifera were used for the first 24 samples listed
in Table 10 and the percentages for radiolaria were used in the remaining 10 samples.

The coverage of sites is sparse with most of the samples located in the North Atlantic Ocean
(Fig. 14; Table 10; see Appendix K for bibliographic references). Appropriate transfer functions
(CLIMAP, 1981; Kipp, 1976) were applied to the data to obtain estimates for both February and
August sea-surface temperatures (Fig. 15; Table 11). These estimates show no marked patterns.

2. Indian Ocean

Prell (1984) and Marvil and Prell (in prep.) complied the plankton data from marine cores in
the northwestern Indian Ocean. Sedimentation rates were high enough to yeild several Holocene
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Table 9. Precipitation Estimates for East Africa and India for 6000 yr B.P. Precipitation

Site Today 6000 yr B.P.
Lake Naivasha 900 mm  990-1055 mm®
Sambhar Lake 470 mm 500-670 mm?
Lunkaransar Lake 340 mm 519 mm?®
Lake Chad 350 mm 650 mm®

a. Estimates apply to 5650 to 9200 yr B.P.
b. Estimates apply to 3500 to 10,500 yr B.P.
¢. Estimates apply to 5000 to 10,000 yr B.P.
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Data Type Reference

Water Level Hastenrath and
Kutzbach, 1983
Water Level Swain et al.,
1983
Pollen Swain et al.,
1983
Water Level Kutzbach, 1980
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Figure 15.

a) August sea-surface temperature in °C and SST anomaly (below line)
relative to modern atlas value. Positive anomaly indicates warmer ocean at

6000 yr B.P. Credibility of SST estimates and anomalies discussed in
Ruddiman and Mix (in prep.).

Figure 15.

b) February sea-surface temperature in °C and SST anomaly (below line}
relative to modern atlas value. Positive anomaly indicates warmer ocean at

6000 yr B.P. Credibility of SST estimates and anomalies discussed in
Ruddiman and Mix (in prep).
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Table 11. Sea-Surface Temperature (in °C) Anomaly: 6000 yr BP vs. Today (Modern Atlas Temperature).

6000 yr BP 6000 yr BP-Today
Core Aug.SST Feb.SST Aug SST Feb.SST
Al179-15 27.2 24.0 -1.4 0.3
K708-1 17.6 11.6 1.3 1.1
K714-15 12.3 8.1 0.4 -0.2
RC9-49 27.6 24.6 -0.4 -1.0
RC9.225 16.3 10.7 1.7 0.7
RC9-228 16.2 11.0 1.0 0.8
V15-168 24.9 27.2 -1.8 0.0
V18-357 27.4 25.9 -0.8 -0.2
V23-23 6.6 0.7 -2.8 -3.1
V23-81 14.3 9.5 -0.5 -0.6
V23-82 14.2 9.8 -1.1 -0.3
V25-59 25.1 27.4 -1.3 0.7
V27-20 9.8 4.3 -1.2 0.4
V27-114 14.3 9.1 2.3 2.1
V28-14 11.0 6.9 1.5 3.7
V28-127 26.6 24.6 -1.4 -1.5
V29-179 20.7 14.2 0.9 1.0
V29-183 19.0 12.2 2.3 1.1
V29-192 14.8 9.9 0.2 -0.1
V30-36 25.8 28.3 -0.5 2.1
V30-41 24.4 28.7 -0.1 -0.8
V30-51 21.0 14.1 -3.3 -4.9
V30-97 21.6 14.5 -1.0 -0.1
V30-101 18.0 12.6 -2.7 -0.8
RC11-120 7.9 10.5 -1.1 -1.3
RC13-205 21.3 26.1 -2.4 -1.5
RC13-228 16.7 21.4 1.4 1.0
RC13-229 18.4 23.6 2.3 3.4
RC14-103 1.8 1.9 -4.8 -0.6
V19-29 21.1 24.8 0.4 -0.7
V19-30 24.3 26.8 3.7 0.7
V22-108 5.9 8.1 -2.7 -1.9
Y7110117-P --=- 15.5 - 1.5
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samples in each core, Only 3 cores had radiocarbon dates,(Table 12) but biostratigraphic data .along
with oxygen isotope and calcium carbonate data were used to assign dates in the cores w:wt.hout
radiocarbon dates. The data set includes percentages for the major species of foraminifera in each
samnple.

The coverage of sites is fairly uniform in the northwestern Indian Ocean (Fig. 16; Table 12;
see Appendix L for bibliographic references). Appropriate transfer functions (CLIMAP, 1981; Prell,
1984) were applied to the data to obtain estimates for August sea-surface temperatures (Fig. 17).
These estimates indicate an east-west temperature gradient with lower temperatures in the area of
upwelling along the African-Arabian coast.

DISCUSSION

Data Coverage

The current data set provides coverage for most regions of the world (Fig. 1), but additions can
still be made in several areas. Published pollen data are available from Australia, Africa, China,
Japan, and southwest. North America, and Tsukada (1983) and Baker (1983) have provided recent
summaries for the latter two areas. Paleobotanical data are also available from packrat middens in
the southwest (Spaulding et al., 1983). Lake-level data have recently been added from eastern
North America and Europe, but more sites with lake-level information can probably be found in
both regions. Additional sites with marine plankton data are also available from such areas as the
Gulf of Mexico and the Mediterranean Sea. Work is in progress to compile and to add these data to
the global data set.

The Global Mean Temperature at 6000 yr B.P.

The mid-Holocene (ca. 4000 to 8000 yr B.P.) has long been considered a time when the global
mean temperature was higher than it is today (Deevey and Flint, 1957). This time period is often
termed the "altithermal” (Antevs, 1948) or "hypsithermal” (Deevey and Flint, 1957). Kellogg and
Schware (1981, p. 157) have recently claimed that * .during the Altithermal the Earth was
generally several degress warmer than the present...." One goal in assembling the data from 6000
yr B.P. was to try to gain a wide enough distrubution of temperature estimates that an estimate for
the global mean temperature might be calculated. The coverage of sites with temperatures in the
current data set, however, is not yet sufficient for producing such an estimate. Most of the sites are
in mig-to-high latitudes of the Northern Hemisphere, and too few are located in the tropics, Asia, or
the Pacific Ocean to allow a relaible caleulation of the global mean temperature.

This conclusion raises the question as to whether any geological evidence exists that the global
mean temperature at 6000 yr B.P. was high than it is today. A search of the literature shows that
most claims for a warm mid-Holocene period were based on local or regional data (Iversen, 1944;
Deevey and Flint, 1957) from northern mid-latitudes where July mean temperatures may have
been 1 to 3°C higher than today (Fig. 4 and 10). Deevey and Flint (1957) assumed that this
information was representative of the global mean temperature, but studies in synopic climatology
(Berry and Perry, 1975) show that this assumption is probably invalid, even for the time scale of
thousands of years. Webb and Wigley (1985) have recently discussed this point and reached a
similar conclusion, that no direct evidence exists that the global mean temperature was higher at
6000 yr B.P. than it is today.
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Potential for Comparison with Climate Model Results

An important use for the global paleoclimatic data set from 6000 yr B.P. will be the testing of
results from climate mode! situations. This work is critical for understanding the climatic effects of
increased atmospheric carbon dioxide concentrations. Because of the maineffects of increased
carbon dioxide concentrations is to change the radiative forcing and energy balance of the global
climate system, tests of the models are needed that show how well the models can simulate climate
patterns when the radiative forcing is changed. Model simulations for 6000 yr B.P. provide such a
test. For example, Kutzbach (1981) and Kutzbach and Guetter (1984) have already shown that the
seasonal variation in solar radiation between today and 6000 yr B.P. can lead to systematic and
significant changes in the climatic patterns simulated by general circulation models. Research i1s
now in progress to use the paleoclimatic data from 6000 yr B.P. to show which of the simulated
patterns are accurate.

CONCLUSIONS

The global data base for 6000 yr B.P. provides adequate coverage of sites in most continents.
Eastern Asia and Antarctica are poorly sampled and much of Australia and South America are
sparsely sampled. Sites with marine plankton data are much less numerous than terrestrial sites
because of slow sedimentation rates in the ocean. The best coverage is in the North Atlantic Ocean
and the Eastern Indian Ocean. The climate around 6000 yr B.P. differed significantly from today,
and maps of estimated July mean temperatures show patterns with regions of higher as well as
lower temperatures in northern middle and high latitudes. The current estimates for the global
mean temperature at 6000 yr B.P. are uncertain, but it may have been only within 1°C of today's
temperature (Webb and Wigley, 1985). If this estimate is correct, then the data for moisture
conditions at 6000 yr B.P. (Appendix J) are impressive because they show that large changes in
both precipitation and the extent of deserts and grass lands can be associated with relatively small
variations in the global mean temperature.
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APPENDIX A
Descriptive Files for the 6000 yr B.P. Data Set

This appendix contains the Master Format File and six other tables with descriptive
information such as a key to the country codes and site type codes. The Master Format File is the
first file among the computer files within which the set of global paleoclimatic data for 6000 yr B.P.
is stored. It lsts all the descriptive files and data files and provides a brief deseription of each file.
The data were stored in several subsets either by data type (pollen, lake level, and plankton) or for
pellen and plankton data by geographic region. Each subset and the files in each subset are
described in the Master Format File.

The other tables in this appendix provide keys to codes used in describing the data and the sites
(Tables A-2 to A-7). Codes were used for country names, data types, site types, U.S. states and
Canadian provinces, dating control (ranks), and dating methods. These categories appear in Tables
1-4, 6-8, 10, 12 in the main text that list and describe the sites. The codes are mostly selfl
explanatory. The ranking of the dating control depends upon the nearest radiocarbon dates, and the
numbers from 1 (best) to 7 (worst) rank the degree of dating control (Table A-7). These ranks are
used for all data sets but the European pollen data, to which the ranks described in Huntley and
Birks (1983) are assigned, and the Indian ocean plankton data, for which other stratigraphic
information was often used in assigning the dates. For certain Indian Ocean cores, no radiocarbon
dates were available, but standard stratigraphic indicators such as percent calcium carbonate or
oxygen isotope ratios were used. The dating methods code was created to allow for this difference
in dating methods among the different data sets and indicates what dating methods were used
(Table A-.4), Within the dating methods code, some numbers refer to methods listed under other
numbers, e.g., dating method 7 refers to methods 2 and 3 and indicates that for code 7 methods 2
(calcium carbonate stratigraphy) and 3 (oxygen isotope stratigraphy) were used.

Table A-1. Master Format File: List of All File Names and Description Files.
Label 1: MASTER.FORMAT

This file contains a description of the layout of the 6K data tape. The tape includes
documenation as well as data files.

The tape contains pollen, lake level, and marine piankton data from 6000 yr. B.P. and
was prepared by T. Webb and R. Arigo at Brown University, Spring, 1984,

The data appears in files subdivided by region and data type. Pollen data are in the
subdivisions: ENA (Eastern North America), ALASKA (Northwest Canada and
Alaska), EUROPE, USSR, and SAMERICA (South America), and NEWZEAL (New
Zealand). The subdivision LAKELEVL (Lake Level) contains a global set of data on
lake levels (i.e. the scaled height of water levels in lakes). The subdivisions ATLANTIC
(Atlantic Ocean) and INDIAN (Indian Ocean)} contain planktonic foraminifera data from
these oceans, and data from isolated cores in the Pacific and Southern Oceans are also
included in the subdivision ATLANTIC. Within each region, files with the filetype of
FORMAT (e.g. ENA.FORMAT) contain documentation pertaining to the data files for
that particular region.

Label 2: COUNTRY.CODES

This file contains a list of country names along with its associated index number. The
country codes appear in all *.INDEX files (where * is MASTER, ENA, ALASKA,
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EUROPE, USSR, LAKELEVL, ATLANTIC, INDIAN, SAMERICA, or NEWZEAL).

Beginning Ending Field
Field Name Column Column Description
Country code 3 4
Country name 7 30

Label 3: STATE.CODES

This file contains a list of state names, Canadian provinces, and U.S. territories along
with their postal abbreviations. The state codes appear in all *.INDEX files.

Beginning Ending Field
Field Name Column Column Description
Postal abbreviation 2 3
State name 7 35

Label 4: DATING.METHODS

This file contains a list of dating methods used along with its associated index number.
Some dating methods are a combination of 2 or more dating methods previously listed.
The combinations are listed by dating method number. This code appears for each site
in all *.INDEX files.

Beginning Ending Field
Field Name Column Column Description

- o - -—- e = mom o= - - - o w e = =

Dating method number 1 2
Dating method 5 55

Label 5: SITETYPE.CODES

This file contains a list of site type codes along with a description of the code. The
sitetype code character is left justified in its field. This code is used in describing the
sites in all * INDEX files.

Beginning Ending Field
Field Name Column Column Description
Site type code 1 2
Site type 6 30

Label 6: DATATYPE.CODES

This file contains a list of data type codes along with a description of the code. The
data type codes appear in all * INDEX files
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Beginning Ending Field
Field Name Column Column Description

- - W moamom o= - N - m - - P e

-y
N

Data type code
Data type 6 30

Label 7: DATING.CONTROL

This file contains a list of codes (1 to 7) that rank the degree of dating control for the
data at a selected date, e.g. 6000 yr. B.P. These codes appear in all *.INDEX files.

Beginning Ending Field
Field Name Column Column Description
Dating control code 1 1
Dating control 5 30

Label 8: MASTER.INDEX

This file contains information about each site in each subdivision of the global data set.
There is one line of information per site.

Beginning Ending Field
Field Name Column Column Description
TAPE 1D number 2 6
Dataset ID number 10 12
Site name 15 44
Latitude in degrees 47 48
Latitude in minutes 50 51
Latitude character 53 53
Latitude in decimal 55 60
Longitude in degrees 63 65
Longitude in minutes 67 68
Longitude character 70 -70
Longitude in decimal 72 78
Elevation in meters 81 BB
Postal code B9 90
Country code 93 94
Sitetype code a7 98
Type of data 101 102
Publication number 105 109
Number of C-14 dates 112 115
Pating control code 120 121
Dating method code 124 125

Label 9: ENA,FORMAT

Describes the information and its format in each of the other ENA files.

Labe! 10: ENA.INDEX
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Label 11:

Label 12:

Label 13:

Label 14:

Label 15:

Label 16:

Label 17:

Label 18:

Label 19:

Label 20:

Label 21:

Label 22:

Provides descriptive information about each site in ENA and its data.
ENA.DATAGK

Contains the pollen data and available climatic estimates from each site in ENA for
$000 yr. B.P. Data compiled by T. Webb and P.J. Bartlein.

ENA.PUBINDEX

Lists the index number for each publication along with the author and date.
ENA.REFERENC

Lists the reference number along with the full bibliographic references.
ALASKA.FORMAT

Describes the information and its format in each of the other ALASKA files.
ALASKA.INDEX

Provides descriptive information about each site in ALASKA and its data.

ALASKA DATABK

Contains pollen data from each site in ALASKA for 6000 yr. B.P. Data suppled by
P.M. Anderson.

ALASKA.PUBINDEX

Lists the index number fqr each publication along with the author and date.
ALASKA REFERENC

Lists the reference number along with full bibliographic references for the data.
EUROPE.FORMAT

Describes the information and its format in each of the other EUROPE files.
EUROPE.INDEX

Provides descﬁpﬁve information about each site in EUROPE and its data.
EUROPE.DATA6K

Contains pollen data and available temperature estimates from each site in EUROPE
for 6000 yr. B.P. Data supplied by B. Huntley and 1.C. Prentice.

EUROPE.PUBINDEX

Lists the index number for each publication and an abbreviated reference.
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Label 23:

Label 24:

Label 25:

Label 26:

Label 27:

Labe] 28:

Label 29:

Label 30:

Label 31:

Label 32:

Label 33:

Label 34:

Label 35:

EUROPE.REFERENC

See Label 22: EUROPE.PUBINDEX for abbreviated references.
USSR.FORMAT

Describes the information and its format in each of the other USSR files.
USSR.INDEX

Provides descriptive information about each site in the USSR and its data.
USSR.DATABK

Contains pollen data from each site in the USSR for 6000 yr. B.P. Data supplied by
G.M. Peterson.

USSR.PUBINDEX

Lists the index number for each publication along with the author and date.
USSR.REFERENC

Lists the reference number along with the full bibliographic references for the data.
LAKELEVL.FORMAT

Describes the information and its format in each of the other LAKELEVL files.
LAKELEVL.INDEX

Provides descriptive information about each LAKELEVL site and its data.
LAKELEVL.DATA6K

Contains information about the relative water level (high, intermediate, low) at each
site for 6000 yr. B.P. Data supplied by F.A. Street-Perrott, S. Harrison, and N.

Roberts.

LAKELEVL.PUBINDEX

Lists the index number for each publication along with its associated reference
numbers.

LAKELEVL.REFERENC

Lists the reference number for each reference along with the author(s), date and full
reference for the data.

ATLANTIC.FORMAT
Describes the information and its format in each of the other ATLANTIC files.

ATLANTIC.INDEX
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Label 36:

Label 37:

Label 38:;

Label 39:

Label 40:

Label 41:

Label 42:

Label 43:

Label 44:

Label 45:

Label 46:

Label 47:

Provides descriptive information about each site in the ATLANTIC Ocean and its data.
ATLANTIC.DATAG6K

Contains foraminifera data and sea-surface temperature estimates for 6000 yr. B.P.
Data supplied by W.F. Ruddiman and J. Morley.

ATLANTIC.PUBINDEX

Lists the index number for each publication along with its associated reference
numbers,

ATLANTIC.REFERENC

Lists the reference number along with the full bibliographic references for the data.
INDIAN.FORMAT |

Describes the information and its format in each of the other INDIAN files.
INDIAN.INDEX

Provides descriptive information about each site in the INDIAN Ocean and its data.
INDIAN.DATAGK

Contains foraminifera data and sea-surface temperature estimates for 6000 yr. B.P.
Data supplied by W.L. Prell and R. Marvil.

INDIAN.PUBINDEX

Lists the index number for each publication along with its associated reference
numbers.

INDIAN.REFERENC

Lists the reference number along with the full bibliographic references for the data.
SAMERICA.FORMAT

Describes the information and its format in each of the other SAMERICA files.
SAMERICA.INDEX

Provides descriptive information about each site in SAMERICA and its data.
SAMERICA.DATA6K

Contains pollen data from each site in SAMERICA for 6000 yr. B.P. Data supplied by
V. Markgraf.

SAMERICA.PUBINDEX
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Label 48:
Label 49:
Label 50:

Label 51:
Label 52:

Label 53:

ALASKA ! Label 14 ! Label 15
EUROPE ! Label 18 | Label 20

I
i
{
USSR | Label 24 | Label 25
]
]
]

ATLANTIC ! Label 34 | Label 35
INDIAN
SAMERICA ! Label 44 | Label 45

NEWZEAL | Label 43 | Label 50

|
ENA | Label 9 | Label 10

|

i i
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| |
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I |
t |
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| |
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Lists the index number for each publication along with the reference numbers,
author(s), and date for SAMERICA.

SAMERICA.REFERENC

Lists the reference number along with the full bibliographic references for the data.
NEWZEAL.FORMAT

Describes the information and its format in each of the other NEWZEAL files.
NEWZEAL.INDEX

Provides descriptive information about each site in NEWZEAL and its data.
NEWZEAL.DATABK

Contains pollen data from each site in NEWZEAL for 6000 yr. B.P. Data supplied by
M.S. McGlone.

NEWZEAL.PUBINDEX

Lists the index number for each publication along with the reference numbers,
author(s), and date for the data.

NEWZEAL.REFERENC

Lists the reference number along with the full bibliographic references for NEWZEAL.
FORMAT INDEX DATABK PUBINDEX REFERENC

- w m - o= - e - - = - - - w m momom o= N -—- s w w w -

- e = m --- -—— A e - - - o e m = R . I T I R ]

- e m oA o e - w ow ow o == . - mememew = ! meememmm - - -

N - m m -- - - - - m omom o= --Eew e EmeEmeeew ! wmew e — ===

-—-eam e A m oA - - m ow = mom o - == ) e w o == -

- o= - e e m o om oo e e

-—- e e m - - -_—m e - - R

- - o W - e m wow w m- - s E | om o= oA momm e

€63



Table A-2. COUNTRY CODES: Country and Ocean Codes

1 Albania
2 Austria
3 Belgium
4 Bulgaria
5 Wales
6 Czechoslovakia
7 Denmark
8 England
9 Estonia
10 Faeroes
11 Finland
12 France
13 East Germany
14 Greece
i5 West Germany
16 Hungary
17 Iceland
18 Ireland
19 Italy
20 Latvia
21 Lithuania
22 Portugal
23 Luxembourg
24 Netherlands
25 Norway
26 Poland
27 Romania
28 Scotland
29 Spain
30 Svalbard
31 Sweden
32 Switzerland
33 Yugoslavia
34 Russia
35 Greenland
36 United States
37 Canada
38 Afghanistan
39 Algeria
40 Australia
41 Bolivia
42 Botswana
43 Chad
44 Chile
45 China
46 Colombia
47 Djibouti
48 Ecuador
49 Egypt
50 Ethiopia
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51 Ghana

52 India

53 Iran

54 Jordan

55 Kenya

56 Libya

57 Malawi

58 Mali

59 Mauritania

60 Mexico

61 Namibia

62 New Zealand
63 Niger

64 Saudi Arabia
63 Sinai

66 South Africa
67 Sudan

68 Syria

69 Tanzania

70 Turkey

71 Uganda

72 Venezuela

73 Soviet Union
74 Ethiopia-Kenya
75 Ethiopia-Djibouti
786 Jordan-Israel
77 Nigeria/Niger
78 Rwanda-Burundi-Zaire
79 Uganda-Tanzania-Kenya
80 Uganda-Zaire
81 North Atlantic
82 Argentina

83 Guiana

84 Brazil

85 Indian Ocean
86 Falkland Islands
87 South Atlantic
88 Southern Ocean
82 North Pacific
90 South Pacific
91 Carribean Sea
92 Sea of Japan

Table A-3. STATE CODES: Postal Codes for U.S. States and Canadian Provinces

AL Alabama
AK Alaska

AZ Arizona
AR Arkansas
CA California
CO Colorado
CT Connecticut
DE Delaware
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MT

Florida

Georgia

Hawaii

Idaho

Illinois

Indiana

lowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio

Oklahoma
Oregon
Pennsylivania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
Northern Mariana Islands
Trust Territories
American Samoa
Canal Zone
District of Columbia
Guam

Puerto Rico
Virgin Islands
Alberta

British Columbia
Labrador
Manitoba
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NB New Brunswick

NF Newfoundland

NS Nova Scotia

ON Ontario

PE Prince Edward Island
PQ Quebec

SK Saskatchewan

YT Yukon Territory

FR Baffin Island (Franklin)
KE District of Keewatin
MK District of Mackenzie

Table A-4, DATING METHODS: Key to the Methods Used to Date the Sediments.

C-14 Dates

Calcium Carbonate Stratigraphy
0-18 Stratigraphy
Biostratigraphy

1,2,3,4

2,34

2,3

2,4

Varves

Pollen Stratigraphic Dates
3,4

H O oo -3 h WDN -

-

Table A-5. SITETYPE CODES: Key to Codes Used for Site Types

A Atmospheric

B Bog

CT Cattle tank

E Estuary

F Fen

L Lake

LD Lake - Ekman dredge
M Marsh

P Moss polster

PP Pitcher plant

R River deposit, oxbow lake
8 Soeil

SA Sand

SC Soil and cattle tank
SN Snow

BW  Wooded bog

LW Lake - small hollow
AP Alluvial peat

AS Alluvial sediments
DH Drill Hole

RS Rock shelter

PM Peat mound

BS Beach sediment

0 Other site type
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ocC Ocean core

Z Bog over lake sediments
T Terrestrial
PT Peat

BP Burted Peat

Cco Colluvium

BL Buried lake deposit
MS Marine sediments

Table A-6. DATATYPE CODES: Key to Codes Used for Types of DATA

PL Plankton: Marine Planktonic Data
PO Pollen: Pollen Data
LL Lake Level: Lake Level Data

Table 7. DATING CONTROL: Definition of Numbers Used to Rank Degree of Dating Control.

A} The following 7 categories provide ranks for the dating control in cores with
continuous sedimentation.

1 Bracketing dates (mainly radiocarbon) within
2000 yrs of selected date, i.e. 6000 yr B.P.

2 Bracketing dates, both within 2000 years and
the other within 4000 years of the selected
date.

3 Bracketing dates, one within 4000 years of
of selected date. :

4 Bracketing dates, one within 4000 years and

the other within 6000 years of the selected
date. The second date can be the top of
the core with an assigned date of ¢ yr B.P.

5 Bracketing dates within 6000 years of the
selected date.

6 Bracketing dates, one within 6000 years and
the other within 8000 yers of the selected
date.

7 Undated at selected date (i.e. 6000 yr B.P.):

either no dates in core, no bracketing dates,
or no top to core and no date within 8000
years of the selected date.

B} The ranking of the dating control for the European pollen data was done by
B. Huntley before the above system was established. The ranks for the
European data include 4 categories that are approximately similar to the
above categories in the following way: 1=1 above, 2=2 above, 3=3 above , and
4="T above.
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C) For ranking the dating control in sites with discontinuous samples (e.g.
shoreline samples for lakes, isolated peats, packrat middens), the categories
used require single radiocarbon dates within 1) 250 years, 2) 500 years,

3) 750 years, 4) 1000 years, 5) 1250 years, 6) 2000 years, and 7) greater
than 2000 years of the date being mapped (e.g. 6000 yr B.P)
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APPENDIX B

References for the 6000 yr B.P. Pollen Data
from Eastern North America

This appendix contains a table of publication index numbers that appear in Table B-1 in the
main text and the references for pollen data from eastern North America. The table lists the
publication index numbers along with the authors and dates of publication that can be used to find
the full bibliographic reference in the reference list. The publication index numbers appear in
numerical order, but the references are listed alphabetically by the last name of the first author in
the reference list. The publication index numbers are part of a general code for references w all
paleoclimatic data stored on the computer at Brown University. Only those reference numbers are
listed that refer to data for 6000 yr B.P.

Table B-1. Key to the Reference Numbers in Table 1 of the Main Text.

2 Gruger, J. 1973
11 McAndrews, J.H. 1966
13 Fries, M. 1962
22 Webb, T. II1 1974
24 Brubaker, L.B. 1975
26 Bailey, R.E. unpubl.
33 Terasmae, J. and Anderson, T.W, 1970
37 Livingstone, D.A. 1968
42 Terasmae, J. 1968
54 Ogden, J.G. III 1966
55 Craig, A.J. 1969
82 Watts, W.A, 1970
88 Walker, P.C. and Hartman, R.J. 1960
91 Gilliam, J.A., Kapp, R.0O., and Bogue, R.D, 1967
99 Watts, W.A. 1971
101 Vincent, J.S. 1973
103 Miller, N.G. 1973
112 Davis, AM. 1977
125 Spear, R.W. and Miller, N.G. 1978
133 Watts, W.A. 1980a
134 Delcourt, P.A. 1980
136 Sheehan, M.C. and Whitehead, D.R. 1983
137 Watts, W.A. 1975
145 Barclay, F.H. 1957
152 Whitehead, D.R. 1972
153 Whitehead, D.R. 1981
157 Ogden, J.G. Il and Hay, R.J. 1967
158 Ogden, J.G. IIT unpubl.
160 Karrow, P. et al. 1975
161 Anderson, T.W, 1980
162 Anderson, S. and Davis, R.B. unpubl.
163 Manny, B.A., Wetzel, R.G., and Bailey, R.E. 1978
165 Bostwick, L.K. unpubl.
166 Comtois, P. 1982
168 Davis, P.T. 1980
169 Davis, R.B., Bradstreet, T.E., Stuckenrath, R., and Borns, H.W. 1875
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170
174
175
176
177
178
180
181
182
183
186
189
190
191
192
193
194
196
197
198
199
200
201
202
204
2056
206
207
208
213
216
218
219
220
221
222
224
225
227
229
230
272
273
274
275
277
278
280
281
284
285
286
288
289

Davis, M.B. 1969

Hadden, K.A, 1976

Heide, K.M. 1981

Jacobson, G.L. 1979

Janssen, C.R. 1968

Jordan, R.H. 1975

Kapp, R.O. unpubl.

King, J.E. 1981

Lamb, H.F. 1978

Larouche, A. and Richard, P. unpubl.
Mcandrews, J.H. 1981

McAndrews, J.H. 1870

McDowell. L.L. et al. 1871

Trent, K.M. unpubl.

Mott, R.J. 1975

Mott, R.J. 1977

Mott, R.J. and Farley-Gill, L.D. 1978
Mott, R.J. 1976

Overpeck, J.T. 1984

Patterson, W, III unpubl.

Peters, A. and Webb, T. IIT 1979
Richard, P. 1977

Richard, P. 1979

Richard, P. unpubl.

Savoie, L. and Richard, P. 1979
Saarnisto, M. 1974

Saarnisto, M. 1975

Shane, L.C.K. 1976

Short, S.K. and Nichols, H. 1977
Richard, P., Larouche, A., and Bouchard, M. 1982
Van Zant, K.L. 1979

Waddington, J.C.B. 1969

Watts, W.A, 1980b

Wright, H.E. Jr. and Watts, W.A, 1969
Watts, W.A, and Bright, R.C. 1968
Whitehead, D.R. 1879

Whitehead, D.R. and Crisman, T. 1978
Wiiliams, A.S. 1974

Whitehead, D.R. unpubl.

Mott, R.J. unpubl.

Labelle, C. and Richard, P. 1981
Kerfoot, W.C. 1974

Ritchie, J.C. and Lichti-Federovich, S. 1968
Ritchie, J.C. and Hadden, K.A. 1975
Ritchie, J.C. 1969

Swain, P.C. 1979

Wright, H.E. et al, 1963

Delcourt, H.R. 1979

Delcourt, H.R., Delcourt, P.A., Spiker, E.C,, 1983
Bailey, R.E. and Ahearn, P.J. 1981
Bailey, R.E. 1872

King, J.E. and Allen, W.H. Jr. 1979
Lamb, H.F. 1980

Baker, R.G. 1970 (Webb & Bryson, 1972)
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293
294
295
296
297
298
299
300
304
306
307
309
311
314
315
316
317
318
318
320
321
322
323
361

161

162

361

26

285

284

289

Short, S.K.

Gauthier, R. 1981

Durkee, L.H. 1971

McAndrews, J.H., Riley, J.L., and Davis, A.M., 1982
McAndrews, J.H. 1982,

Futyma, R.P. 1982

McAndrews, J.H. unpubl

Bradshaw, R.H.W.

Craig, A.J. 1972

Mott, R.J. 1973

Mott, R.J. and Farley-Gill, L.D. 1981
Webb, T. III and R.A. Bryson 1972
Mott, R.J. and Camfield, M. 1969
Stravers, L.K.

Davis, M.B. 1976

Van Zant, K.L. unpubl.

Lawrenz, R. 1975

Spear, R.W. 1981

Mode, W,

Morassa, N., Jette, H., and Richard, P. unpubl.
Nelson, S. unpubl.

Nicholas, J. 1968

Nichols, H. 1967

Anderson, T.W., unpubl.

REFERENCES

Anderson, T.W., 1980,
Holocene vegetation and climatic history of Prince Edward
Island, Canada. Canadian Journal of Earth Sciences
17:1152-1165.

Anderson, S. and R.B. Davis, unpublished data.
Anderson, T.W., unpublished data. _
Bailey, R.E., unpublished data.

Bailey, R.E., 1972.
"Late- and postglacial environmental changes in northwestern
Indiana.” Ph.D. Thesis, Indiana University, Bloomington, 72

PP-

Bailey, R.E. and P.J. Ahearn, 1981.
A late- and postglacial pollen record from Chippewa Bog, Lapeer
Co., MI: further examination of white pine and beech
immigration into the central Great Lakes region. In "Geobotany
II" (R.C. Romans, ed.), pp. 53-74. Plenum Press, New York.
pp. 53-74.

Baker, R.G., 1970.

A radiocarbon-dated pollen chronology for Wisconsin:
Disterhaft Farm Bog revisited. Geological Society of America

72



145

165

24

166

55

304

112

170

168

169

280

281

Abstracts 2:488.

Barclay, F.H., 1957.
"The natural vegetation of Johnuson County, Tennessee past and
present.” Ph.D. Thesis, University of Tennessee, Knoxville,
147 pp.

Bostwick, L.K., 1980.
" A radiocarbon-dated pollen diagram from Monhegan Island,
Maine." M.S. Thesis, University of Maine-Orono.

Brubaker, L..B., 1975,
Postglacial forest patterns associated with till and outwash in
northcentral upper Michigan. Quaternary Research 5:499-527.

Comtois, P., 1982,
Histoire holocene du climat et de la vegetation a Lanoraie
{Quebec). Canadian Journal of Earth Sciences 19:1938-1952.

Craig, A.J., 1969,
Vegetational history of the Shenandoah Valley, Virginia.
Geological Society of America Special Paper 123:283-296.

Craig, A.J., 1972,
Polien influx to laminated sediments: a pollen diagram from
northeastern Minnesota. Ecology 53:46-57.

Davis, A.M., 1977.
The prairie-deciducus forest ecotone in the upper Middle West.
Annals of the American Association of American Geographers
67:204-213.

Davis, M.B., 1969.
Climatic changes in southern Connecticut recorded by pollen
deposition at Rogers Lake. Ecology 50:409-422.

Davis, P.T., 1880. "Late Holocene glacial, vegetational, and
climatic history of Pangnirtung and Kingnait Fiord area, Baffin
Island, Canada."” Ph.D. Thesis, University of Colorado,
Boulder, 366 pp.

Davis, R.B., T.E. Bradstreet, R. Stackenrath, Jr., and H.W. Borns,
Jr., 1975.
Vegetation and associated environments during the past 14,000
years near Moulton Pond, Maine. Quaternary Research 5:435-465.

Delcourt, H.R., 1979.
Late Quaternary vegetation history of the eastern Highland Rim
and adjacent Cumberland Plateau of Tennessee. Ecological
Monographs 49: 255-280.

Delcourt, H.R., P.A. Delcourt, and E.C, Spiker, 1983.

A 12 000-year record of forest history from Cahaba Pond, St.
Clair County, Alabama. Ecology 64:871-887.

73



134

295

13

298

294

91

174

175

176

177

178

Delcourt, P.A., 1980.
Goshen Springs: late Quaternary vegetation record for southern
Alabama. Ecology 61:371-386.

Durkee, L.H., 1971.
A pollen profile from Woden Bog, Hancock County, lowa. Ecology
52:835-844.

Fries, M., 1962.
Pollen profiles of late Pleistocene and recent sediments at
Weber Lake, northeastern Minnesota. Ecology 43:295-308.

Futyma, R.P., 1982.
"Postglacial vegetation of eastern upper Michigan." Ph.D.
Thesis, University of Michigan, Ann Arbor, 426 pp.

Gauthier, R., 1981.
"Histoire de la colonisation vegetale postglaciaire des
Monteregiennes: deux sites du mont Saint-Bruno. "Memoire
M.Sec., Univ. Montreal, 107 pp.

Gilliam, J.A., R.O. Kapp, and R.D. Bogue, 1967.
A post-Wisconsin pollen sequence from Vestaberg Bog, Moncalm
County, Michigan. Michigan Academy of Science, Arts and
Letters 52:3-17.

Gruger, J., 1973,
Studies on the late Quaternary vegetation history of
northeastern Kansas. Geological Society of America Bulletin
84:239-250.

Hadden, K.A., 1975.
A pollen diagram from a postglacial peat bog in Hants County,
Nova Scotia. Canadian Journal of Botany 53:39-47.

Heide, K.M., 1981,
"Late Quaternary vegetational history of northcentral
Wisconsin, U.S.A.: estimating forest composition from pollen
data." Ph.D. Thesis, Brown University, Providence, R.I., 312

PP.

Jacobson, G.L., 1978.
The paleoecology of white pine in Minnesota. Journal of
Ecology 67:669-728.

Janssen, C.R., 1968.
Myrtle Lake: a late- and postglacial pollen diagram from
northern Minnesota. Canadian Journal of Botany 46:1397-1410.

Jordan, R.H., 1975.
Pollen diagrams from Hamilton Inlet, central Labrador, and
their environmental implications for the northern maritime
Arctic. Arctic Anthropology 12:92-116.

T4



180

160

272

181

286

230

182

288

183

317

37

163

299

11

Kapp, R.O., 1977.
Paleoecology in central lower Michigan, field trip guide.

Paleoecology Section, Ecological Society of America.

Karrow, P.F., T.W. Anderson, A.H. Clarke, L.D. Deiorme, and M.R.
Steenivasa, 1975.
Stratigraphy, paleontology, and age of Lake
Algonquin sediments in southwestern Ontario, Canada.
Quaternary Research 5:49-87.

Kerfoot, W.C., 1974.
Net accurnulation rates and the history of cladoceran
communities. Ecelogy 55: 51-61.

King, J.E., 1981,
Late Quaternary vegetational history of Illinois. Ecological
Monographs 51:43-62.

King, J.E. and W.H. Alien, Jr., 1979.
A Holocene vegetation record from the Mississippi River valley,
southeastern Missouri. Quaternary Research 8:307-323.

Labelle, C. and P.J.K. Richard., 1981.
Vegetation tardiglaciaire et postglaciare au sud-est du Parc
des Laurentides, Quebec. Geographie physique et Quaternaire
35:345-359.

Lamb, H.F., 1978.
"Post-glacial vegetation change in southern Labrador.” M.S.
Thesis, University of Minnesota Minneapolis, 101 pp.

Lamb, H.F., 1980.
Late Quaternary vegetationa! history of southeastern Labrador.
Arctic and Alpine Research 12:117-135.

Larouche, A. and P. Richard, unpublished data.

Lawrenz, R., 1975.
"Biostratigraphic study of Green Lake Michigan.” M.5. Thesis,

Central Michigan Untversity, Mt. Pleasant.

Livingstone, D.A., 1968.
Some interstadial and postglacial polien diagrams from eastern
Canada. Ecological Monographs 38:87-125.

Manny, B.A., R.G. Wetzel, and R.E. Bailey, 1978.
Paleolimnological sedimentation of organic carLon, nitrogen,
phosphorous, fossil pigments, polien and diatoms in a
hypereutrophic hardwater lake: a case history for
eutrophication. Polskie Archiwum Hydrobiologii 25:243-267.

McAndrews, J.H., unpublished data.

McAndrews, J.H., 1966.

75




189

186

287

296

180

103

319

320
229

306

192

196

Postglacial history of prairie, savanna and forest in
northeastern Minnesota. Torrey Botanical Club Memoirs
22:1-72.

McAndrews, J.H., 1870.
Fossil pollen and our changing lanscape and climate. Rotunda
3:30-37.

McAndrews, J.H., 1981.
Late Quaternary climate of Ontario: temperature trends from
the fossil polien record. In "Quaternary palecclimate” (W.C.
Mahaney,ed.), pp. 319-333. Geoabstracts, Norwich, England.

McAndrews, J.H., 1982.
Holocene environment of a fossil bison from Kenora, Ontario.
Ontario Archaeclogy 37:41-51.

McAndrews, J.H., J.L. Riley, and A.M. Davis, 1982,
Vegetation history of the Hudson Bay Lowland: a postglacial
pollen diagram from Sutton Ridge. Naturaliste canadien
109:597-608.

McDowell, L.L., R.M. Dole, Jr., M. Howard, and R.A. Farrington, 1971.
Palynology and radiocarbon chronology of Bugbee Wildflower
Sanctuary and Natural Area, Caledonia County Vermont. Pollen
et Spores 13:73-91.

Miller, N.G., 1973.
Late-glacial and postglacial vegetation change in southwestern
New York state. New York State Museum and Science Service
Bulletin 420, Albany, 102 pp.

Mode, W., 1980.
"Quaternary stratigraphy and palynology of the Clyde Foreland,
Baffin Island, N.W.T., Canada." Ph.D. Thesis, University of
Colorado, Boulder, 219 pp.

Morassa, N., H. Jette, and P. Richard, unpublished data.
Mott, R.J., unpublished data.

Mott, R.J., 1973.
Palynological studies in central Saskatchewan, polien
stratigraphy from lake sediment sequences. Geological Survey
of Canada Paper 72-49:1-18.

Mott, R.J., 1975.
Palynological studies of lake sediment profiles from
southwestern New Brunswick, Canadian Journal of Earth Sciences
12:273-288.

Mott, R.J., 1976.

A Holocene pollen profile from the Sept-Iles area, Quebec.
Naturaliste canadien 103:457-467.

76



193

311

194

307

321

322

323

159

157

54

197

198

199

202

200

Mott, R.J., 1977.
Late Pleistocene and Holocene palynology in southeastern
Quebec. Geographie physique et Quaternaire 31:139-149.

Mott, R.J. and M. Camfield, 1969.
Palynological studies in the Ottawa area. Geological Survey of
Canada Paper 69-3B:1-16.

Mott, R.J. and L.D. Farley-Gill, 1978.
A late-Quaternary pollen profile from Woodstock, Ontario.
Canadian Journal of Earth Sciences 15:1101-1111,

Mott, R.J. angd L.D, Farley-Gill, 1981.
Two late Quaternary pollen profiles from Gatineau Park, Quebec.
Geological Survey of Canada Paper 80-31:1-10.

Nelson, S., unpublished data,

Nicholas, J., 1968,
“Late Pleistocene palynology of southeastern New York and
northern New Jersey." Ph.D. Thesis, New York University.

Nichols, H., 1967.
Central Canadian palynology and its relevance to northwestern
Europe in the late Quaternary period. Review of Palaeobotany
and Palynology 2:231-243.

Ogden, J.G. III, unpublished data.

Ogden, J.G., Il and R.J. Hay, 1967.
Ohio Wesleyan University natural radiocarbon measurements IIL
Radiocarbon 9:316-332.

Ogden, J.G., III, 19686.
Forest history of Ohio: radiocarbon dates and polien
stratigraphy of Silver Lake, Ohio. Ohio Journal of Science
66:387-400.

Overpeck, J.T., 1984,
A palynological and sedimentological investigation of a late
Quaternary peat bog in the south-central Adirondack Mountains,
New York. Geological Society of America Bulletin (in press).

Patterson, W. ITI, unpublished data.

Peters, A. and T. Webb III, 1979.
A radiocarbon-dated pollen diagram from west-central Wisconsin.
Bulletin of the Ecological Society of America 60:102,

Richard, P., unpublished data.

Richard, P., 1977.
Histoire post-wisconsinienne de la vegetation du Quebec
meridional par I'analyse pollinique. Service de la Recherche,

77



201

213

273

274

205

206

204

207

136

203

208

Direction General des Forets, Ministere des Terres et Forets,
Quebec, tome 1, 312 pp. tome 2, 142 pp.

Richard, P., 1879.
Contribution 2 histoire postglaciaire de la vegetation au
nord-est de la Jamesie, Nouveau-Quebec. Geographie physique et
Quaternaire 33:93-112.

Richard, P., A. Larouche, and M. Bouchard, 1982.
Age de la deglaciation finale et histoire postglaciaire de la
vegetation dans la partie centrale du Nouveau-Quebec.
Geographie physique et Quaternaire 36:63-90.

Ritchie, J.C., 1969,
Absolute pollen freguencies and carbon-14 age of a section of
Holocene lake sediment from the Riding Mountain area of
Manitoba. Canadian Journal of Botany 47:1345-1349.

Ritchie. J.C. and S. Lichti-Federovich, 1968.
Holocene pollen assemblages from the Tiger Hills, Manitoba.
Canadian Journal of Earth Sciences 5:873-880.

Ritchie, J.C. and K.A. Hadden, 1975.
Pollen stratigraphy of Holocene sediments from the Grand Rapids
area, Manitoba, Canada. Review of Palaeobotany and Palynology

19:193-202.

Saarnisto, M., 1974.
The deglaciation history of the Lake Superior region and its
climatic implications. Quaternary Research 4:3 16-339.

Saarnisto, M., 1975.
Stratigraphic studies on the shoreline displacement of Lake
Superior. Canadian Journal of Earth Sciences 12:300-3189.

Savoie, L. and P. Richard., 1979. ~
Paleophytogeographie de I'episode de Saint’Narcisse dans la
region de Sainte-Agathe, Quebec. Geographie physique et
Quaternaire 33:175-188.

Shane, L.C.K., 1976.
"Late-glacial and postglacial palynology and chronology of
Drake County, west-central Ohio.” Ph.D. Thesis, Kent State
University, Kent, Ohio.

Sheehan, M.C. and D.R. Whitehead, 1981.
Holocene vegetational changes in the Tombigbee River Valley,
eastern Mississippi. Bulletin of the Ecological Society of
America 62:126.

Shert, S.K., unpublished data.

Short, S.K. and H. Nichols, 1977.
Holocene pollen diagrams from subarctic Lebrador-Ungava:

78



vegetational history and climatic change. Arctic and Alpine
Research 9:265-290.

318 Spear, R.W., 1981.
»The history of high-elevation vegetation in the White
Mountains of New Hampshire." Ph.D. Thesis, University of
Minnesota, Minneapolis, 215 pp.

125  Spear, R.W. and N.G. Miller, 1976.
A radiocarbon-dated pollen diagram from the Allegheny Plateau
of New York State. Journal of the Arnold Arboretum 57:369-403.

314 Stravers, L.K.5,, 1981,
"Palynology and deglaciation history of the central
Labrador-Ungava Peninsula." M.S. Thesis, University of
Colorado, Boulder, 171 pp.

277 Swain, P.C., 1979.
“The development of some bogs in eastern Minnesota." Ph.D.
Thesis. University of Minnesota, Minneapolis.

42  Terasmae, J., 1968.
A discussion of deglaciation and the boreal forest in the
northern Great Lakes region. Proceedings Entomological Society
of Onatrio 99:31-43.

33  Terasmae, J. and T.W. Anderson, 1870.
Hypsithermal range extension of white pine (Pinus strobus L.}
in Quebec, Canada, Canadian Journal of Earth Sciences
7:406-413.

191  Trent, K.M., unpublished data.
316 Van Zant, K.L., unpublished data.

216 Van Zant, K.L., 1979.
Late-glacial and postglacial pollen and plant macrofossils from
Lake West Okoboji, northwestern lowa. Quaternary Research
12:358-380.

101 Vineent, J.S., 1973,
A palynological study for the Little Clay Belt, northwestern
Quebec. Naturaliste canadien 100:59-69.

218  Waddington, J.C.B., 1969.
A stratigraphic record of pollen influx to a lake in the Big
Woods of Minnesota. Geological Society of America Special
Paper 123:263-282.

88 Walker, P.C. and R.I. Hartman., 1260.
The forest sequence of the Hartstown Bog area in western
Pennsylvania. Ecology 41:461-474.

82 Watts, W.A,, 1970,

79



99

137

133

219

221

22

309

227

152

222

163

224

The full-glacial vegetation of northwestern Georgia. Ecology
51:17-33.

Watts, W.A,, 1971,
Postglacial and interglacial vegetation history of southern
Georgia and central Florida. Ecology 52:676-690.

Watts, W.A., 1975.
A late Quaternary record of vegetation from Lake Annie,
south-central Florida. Geology 3:344-346.

Watts, W.A,, 1980a.
Late-Quaternary vegetation history at White Pond on the inner
Coastal Plain of South Carolina. Quaternary Research
13:187-199.

Watts, W.A_, 1980b.
Late Quaternary vegetation of central Appalachia and the New
Jersey coastal plain. Ecological Monographs 49:427-469.

Watts, W.A. and R.C. Bright, 1968.
Pollen, seed, and mollusk analysis of a sediment core from
Pickerel Lake, northeastern South Dakota. Geological Society
of America Bulletin 79:855-876.

Webb, T. I, 1874,
A vegetational history from northern Wisconsin. Evidence from
modern and fossil pollen. American Midland Naturalist
92:12-32.

Webb, T. ITI and R.A. Bryson, 1972.
Late- and postglacial climatic change in the northern Midwest,
U.S.A.: quantitative estimates derived from fossil pollen
spectra by multivariate statistical analysis. Quaternary
Research 2:70-115.

Whitehead, D.R., unpublished data.

Whitehead, D.R, 1972,
Developmental and environmental history of the Dismal Swamp.
Ecological Monographs 42:301-315.

Whitehead, D.R, 1979.
Late-glacial and post-glacial vegetational history of the
Berkshires, western Massachusetts. Quaternary Research
12:333-357.

Whitehead, D.R., 1981,
Late-Pleistocene vegetational changes in northeastern North
Carolina. Ecological Monographs 51:451-471.

Whitehead, D.R. and T.L. Crisman, 1978.

Paleolimnological studies of small New England (U.S.A.) ponds.
Part 1. Late-glacial and postglacial trophic oscillations.

80



Polskie Archiwum Hydrobiologii 25:471-4B1.

225  Williams, A.S., 1874.
Late-glacial -- postglacial vegetational history of the Pretty
Lake region, northeastern Indiana. U.S. Geological Survey
Professional Paper 686. 23 pp.

220  Wright, H.E., Jr. and W.A, Watts, 1969.
Glacial and vegetational history of northeastern Minnesota.

Minnesota Geological Survey SP-11. 59 pp.

278  Wright, H.E,, Jr., T.C. Winter, and H.L. Patton, 1963.
Two pollen diagrams from southeastern Minnesota: problems in
the late- and postglacial vegetational history. Geological
Society of America Bulletin 74:1371-1396.

81



APPENDIX C

Pollen Studies in Eastern Canada
Prepared by
G.A. King and H.E. Wright, Jr.
Limnological Research Center
University of Minnesota
Minneapolis, MN 55455

Over the past six years, several researchers at the University of Minnesota have studied the
deglaciation chronology, vegetation succession, and climatic history of southern Labrador and
adjacent Quebec (Lamb 1978, 1980, 1982, 1984: Engstrom, 1983: Engstrom and Hansen, In press:
King, 1985). Field and laboratory work has concentrated on obtaining and analyzing lake-sediment
cores from throughout the region and thus filling in a gap in the pollen record from eastern North
America (Table C-1, Fig. C-1). This brief summary indicates several of the vegetational and climatic
changes in this region before and after 6000 yr B.P. The new sites lie in a critical location for
assessing a large region in which the estimated temperatures at 6000 yr B.P. were lower than they
are today.

Radiocarbon dates of basal lake sediments and marine shells were used to construct a
deglaciation chronology for the southeastern part of the Labrador-Ungava peninsula. Deglaciation
in the region began in southeastern Labrador by 11,000 yr B.P., while ice did not begin retreating
from the Sept-Iles region in eastern Quebec until about 9500 yr B.P. Extensive ice still persisted in
eastern Quebec and western Labrador at 7000 yr B.P., and it may have affected the regional
climate. Final wastage of the ice sheet occurred about 6000 yr B.P. near Schefferville in the center
of the Labrador-Ungava peninsula (Ives, 1960: King, 1985).

Pollen analysis of lake sediment cores from lakes throughout the region (Table C-1, Fig. C-1)
provided a data base from which the regional vegetation history can be summarized. The
deglaciated landscape in southeastern Labrador was colonized by sedges, grasses (Cyperaceae),
other herbs, and dwarf willows (Salix sp.), which formed a tundra vegetation (Fig. C-2, Engstrom,
1983: Engstrom and Hansen, in press). After 9500 yr B.P. the tundra was colonized by shrubs,
primarily dwarf birch (Betula glandulosa) and green alder (Alnus crispe). In contrast, in western
Labrador and adjacent Quebec, the earliest vegetation following deglaciation was not herb tundra
but was shrub tundra, similar to the type present in southeastern Labrador between 9500 and
8000 yr B.P. (King, 1985).

The pattern of tree colonization of the shrub tundra varied from south to north in the study
region. White spruce (Picea glauca) was the first tree to invade the shrub tundra in southeastern
Labrador, forming an open forest at about 8000 yr B.P. Spruce, probably white spruce, was also
the first tree to colonize the Sept-lles area at 7700 yr B.P. At 7000 yr B.P. balsam fir (Abies
balsamea) replaced white spruce as the most common tree in both southeastern Labrador and the
Sept-lles region, forming a closed forest until 6000 yr B.P., when fir populations decreased and
black spruce (Picea mariana) became the dominant tree, as it is today (Engstrom, 1983: King,
1985).

North of Sept-Iles the pattern and chronology of tree colonization is different from that to the
south and southeast. At Lac Au Sable (Fig. C-3), 100 km north of Sept-Iles, balsam fir rather than
spruce was the first tree to colonize the shrub tundra, at 6700 yr B.P. Spruce populations increased
there at 6300 yr B.P. Still another 100 km north, the pattern is reversed, with spruce populations
increasing at 5500 yr B.P. and fir populations at 5300 yr B.P. Finally, north of Wabush/Labrador
City, spruce populations increased at 5500 yr B.P. and fir populations have never been significant.
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Table C-1. Location of Sites with Pollen Data in Labrador and Adjacent Quebec.

Site Name

Alexis Lake
Battery Lake
Border Beacon
Bruce Lake
Caribou Hill
Coghill Lake
Cove Lake

Lac de la Crete
Eagle Lake
Gravel Ridge
Gras Lake
Harrie Lake
Hebron Lake
Lake Hope Simpson

Horseshoe Lake
Independence

Leaky Lake
Moraine Lake

Paradise Lake
Lac Petel
Pine Lake
Pinware Lake
Lac Ridge

Lac au Sable
Shovel Lake
Snow Lake
Starkel Lake
Whitney's Gulch
Yellow Barrel

Site

Latitude
(degrees)
(minutes)

31N
18 N
20N
17N

h O U v L O O O Oy
WO O WLW,MWK MR

55 02 N

53 17N
5233 N

5234 N
5216 N

5303 N
5033 N
51 08 N
51 50N
54 51 N
5124 N
52 42 N
56 38 N
52 41 N
51 31N
51 51 N

Available Data Ceodes:

Longitude

(degrees)
(minutes)

5702 W
62 07 W
63 12 W
66 50 W
63 15 W
66 46 W
7028 W
69 53 W
58 33 W
62 38 W
67 04 W
66 57 W
63 02 W
56 20 W

67 42 W
56 54 W

6336 W
58 03 W

5745 W
66 16 W
69 16 W
56 35 W
66 55 W
66 13 W
65 55 W
6353 W
67 3T W
57 18 W
6851 W

1. Basal radiocarbon date only
2. Pollen diagram
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Reference Available
Data
Lamb 1978 1,2
King 1985 1,2
Lamb 1982 1,2
King 1985 1
Lamb 1982 1,2
King 1985 1,2
King 1985 1,2
King 1985 1
Lamb 1978, 1980 1,2
Lamb 1882 1,2
King 1985 1,2
King 1985 1,2
Lamb 1982 1.2
Engstrom and Hansen 1,2
(in press)
King 1885 1
Engstrom and Hansen 2
{(in press)
King 1985 1,2
Engstrom and Hansen 1,2
{in press)
Lamb 1978, 1980 1,2
King 1985 1,2
King 1985 1,2
King 1985 1
King 1985 1
King 1985 1,2
King 1985 1
Lamb 1982 1,2
King 1985 1
Lamb 1978, 1980 1,2

King 1985
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Figure C-1, Location of sites with pollen data in Labrador and Quebec. Key to the site

names is in Table C-1.
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‘ Where fir populations did increase in the south, they also decreased within a few hundred years,
and spruce, probably black spruce, remained as the dominant tree, The regional vegetation has not
changed much after 5000 yr B.P. and the establishment of the closed black spruce forest (King,

1985),

The climate south and southeast of the retreating ice sheet was much different than the climate
in the region today, as inferred from the vegetation history of the region. Certainly the herb tundra
present after deglaciation indicates that colder temperatures, similar to those in northern Labrador-
Ungava today, persisted in the southern part of the peninsula until 9500 yr B.P. The colonization
of the region by shrubs at that time indicates a progressive warming of the region as the ice
retreated northwards. By 8000 yr B.P. southeastern Labrador and the Sept-lles region had
warmed sufficiently to support white spruce trees. However, since the trees initially formed an
open forest, the climate may have been cool and moist, similar to that present east of James Bay
where white spruce grows today in an open forest-tundra (King, 1985).

The colonization of the region by fir and its relative dominance in a closed forest in the south
between 7000 and 6000 yr B.P. suggests that the climate was as warm as it is today in the region
or perhaps warmer, Additionally, the climate was probably moister than today’s, since fir today
grows most abundantly in the maritime climates of Newfoundland and Nova Scotia. Fir
subsequently decreased in abundance at 6000 yr B.P. and black spruce became the dominant tree,
perhaps indicating the cessation of maritime conditions in the south. Thus the modern climate in
the south did not become established until the ice sheet had wasted away. In the Schefferville
region a closed forest did not form until 5000 yr B.P., indicating that the climate was still warming
there after peak warmth was reached to the south (King, 1985).

The extent to which the ice sheet modified the regional climate is still a matter of conjecture.
The expansion of trees into southeastern Labrador was earlier than it was in western Labrador,
which is at a comparable latitude but was closer to the ice margin than southeastern Labrador.
This fact suggests that the wasting ice sheet did affect the regional climate (King,1985).
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APPENDIX D

References for the 6000 yr B.P. Pollen Data from
Alaska and Northwestern Canada

This appendix contains a table of the publication index numbers from Table 2 in the main text
and the full bibliographic reference for each publication. The table lists the publication index
numbers along with a second set of one or more reference numbers that can be used to find
references in the reference list. The references are listed in numerical order by the reference
number. P. M. Anderson compiled the references (see Anderson, 1981, in the reference list for the
main text).

Table C-1. Key to Publication Index Numbers for the 6000 yr B.P. Pollen Data from Alaska and
Northwestaern Canada.

2002 2 Apger, T.A., 1975

2003 2,50 Ager, T.A., 1975 & J.H.Anderson, 1975

2004 4 Ager, T.A., 1981a

2006 6 Ager, T.A., 1983

2007 50,49,6 Anderson, J.H., 1975; Ager and Sims 1981b, Ager 1983
2008 8 Anderson, P.M., 1982

2010 10 Bowman, P.W., 1934

2012 12 Brubaker, L.B., H.Garfinkel & M.Edwards, 1983
2014 52,51 Colinvaux, P.A., 1964a; Colbaugh 1968

2015 52,17 Colinvaux, P.A., 1964a, 1967a

2016 16 Colinvaux, P.A., 1964b

2017 17 Colinvaux, P.A., 1967a

2018 17,20 Colinvaux, P.A., 1967a, 1967b

2019 17,53 Colinvaux, P.A,, 1967a, 1967¢

2020 20 Colinvaux, P.A., 1967b

2021 54,59 Cwynar, L.C. & J.C.Ritchie, 1980; Ritchie 1982
2022 22 Cwynar, L.C., 1982

2023 23 Edwards, M.E., P Anderson, H.Garfinke!, & L.Brubaker (in review))
2024 24 Giddings, L., unanalyzed

2025 5 Giterman, R.E. & D.M.Hopkins - in Ager 1982
2026 26 Heusser, C.J,, 1955

2027 55,56 Heusser, C.J., 1960, 1966

2028 28 Heusser, C.J., 1963

2029 29 Heusser, C.J., 1973

2030 a0 Heusser, C.J., 1978

2031 31 Hopkins, D.M. et al., 1960

2032 37,58 Lichti-Federovich, S., 1973, 1974

2033 33 Livingstone, D.A., 1955

2034 34 Livingstone, D.A., 1957

2035 a5 Mackay, J.R. & J.Terasmae, 1963

2036 36 Matthews, J.V., 19744

2037 37 Matthews, J.V., 1974b

2038 38 Parrish, L.L., 1979

2039 39 Rampten, V., 1971

2040 61,41 Ritchie, J.C. & F.K.Hare, 1871; Ritchie, 1972
2041 41 Ritchie, J.C., 1972
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2042
2043
2045
2046
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062

10

12

42 Ritchie, J.C., 19877

62,45 Schweger, C.E., 1976, 1982

45 Schweger, C.E., 1982

46 Shackleton, J., 1879

48 Terasmae, J. & O.L.Hughes, 1966

49 Ager, T.A., & J.D.Sims, 1981b

50 Anderson, J.H., 1975

51 Colbaugh, P.R., 1968

52 Colinvaux, P.A., 1964a

53 Colinvaux, F.A., 1867c

54 Cwynar, LC. & J.C.Ritchie, 1980

55 Heusser, C.J., 1960

56 Heusser, C.J., 1966

57 Lichti-Federovich, S., 1873

58 Lichti-Federovich, S., 1874

59 Ritchie, J.C., 1982

60 Matthews, J.V., Jr., 1870

61 Ritchie, J.C. & F.H.Hare, 1971

62 Schweger, C.E., 1976
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APPENDIX E

References for the 6000 yr B.P. Pollen Data from Europe

This appendix contains a table with both the publication index numbers that appear in Table 3
in the main text and the references. B. Huntley and H. J. B. Birks compiled the references (see
Huntley and Birks, 1983, in the reference list for the main text).

Table E-1. Key to the Publication Index Numbers with References for the 6000 yr B.P. Pollen Data

3001

3002

3003

3007

3008

3010

3012

3013

3014

3016

3017

3018

- 3021

from Europe
unpublished data.

Sarv, A.A. and E.O. Ilves, 1971.
In "Palinologicheskie Issledovaniia v Pribaltike.” pp. 143-148.
Riga.

Dreimanis, A., 1947.
Contributions of Baltic University 23:1-20.

Frank, A.H.E., 1969.
Palaeogeography, Palaeoclimatology, Palaeoecology 6:67-85.

Craig, A.J., 1878.
Journal of Ecology 66(1):297-324.

Brown, A.F., 1977.
Phil. Trans.Roy.Soc.Lond.Ser.B. 276:251-320,

Srodon, A., 1948.
Starunia 25:1-23.

Munaut, A.V. and E.Paulissen, 1973,
Annales de Ia Societe Geologique de Belgique 96{2):301-348.

Fritz, A., 1965,
Carinthia II 75:90-115.

Andersen, A., 1954.
Danmarks Geologiske Undersogelse 2(80):188-209.

Sercelj, A., 1963.
Razprave Slovenska Akademia Znanosti in Umetnosti, Classis IV.

7:363-418,

Danielsen, A., 1969,
Acta Universitatis Bergensis , Series Mathematica Rerumque
Naturalium 14:1-146.

Robertsson, A., 1971.
Sveriges Geologiska Undersokning Ser.C 65(4):82-103.
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3023

3024

3030

3032

3033

3034

3037

3044

3045

3048

3052

30453

3054

3055

3056

3057

3062

Thorlev, A., 1971,
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Brande, A., 1973.
Flora 162:1-44.
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Janssen, C.R., 1960.
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Vegetatio 30(3):165-178.

Persson, C., 1968.
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Geologiska Foreningens i Stockholm Forhandlingar 52:19-46.

Bartley, D.D., 1973.
Geologiska Foreningens i Stockholm Forhandlingar 95:410-414.
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APPENDIX F

References for the 6000 yr B.P. Pollen Data from the Soviet Union

This appendix contains the table of publication index numbers that appear in Table 4 of the
main text and the references for the pollen data from the Soviet Union. The table lists the
publication index numbers along with the author and date of publication, which can be used to find
the full bibliographic reference in the reference list. The references appear in alphabetical order in
the reference list along with their publication index number. G. M. Peterson compiled the
references (see Peterson, 1883, in the reference list for the main text).

Table F-1. Key to the Publication Index Numbers for the 6000 yr B.P. Pollen Data from the Soviet
Union.

5005 Arkhipov.S.A. and M.R. Votakh, 1980.

5006 Arkhipov,S.A., T.P. Levina, V.A. Panychev, 1980.
5007 Artiushenko, A.T. et al, 1982.

5008 Belorusova,ZH.M., N.V. Lovekius,V.V. Ukrainsteva, 1977.
5009 Boiarskaia,T.D. and T.N. Kaplina, 19789.

5010 Firsov,L.V.,S.L. Troitskii, T.P. Levina et al, 1974.
5011 Glebov,F.Z.,L.S. Toleiko et al, 1974.

5012 Ilves,E.O. and A.A. Sarv, 1969.

5013 KHotinskii, N.A., 1877.

5014 Kleimenova, G.I., 1975,

5015 Kol'tsova,V.G., E.V.Starikov,V.A.ZHidovlenko, 1979,
5016 Korotkil, A.M., L.P.Karaulova,V.S.Pushkar’, 1976,
5017 Krainov,D.A. and N.A.KHotinskii, 1977.
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5019 Kutafeva, T.K., 1973.

5020 Levkovskaia, G.M., 1963.

5021 Levkovskaia, G.M., 1971,

5022 Lozhkin,A. V., T.P.Prokhorova,V.P.Parii, 1975.
5023 Makovskii,V.1. and N.K.Panova, 19717.

5024 Neishtadt, M.L, 1965.

5025 Neishtadt, M.I., [967.

5026 Neishtadt, M.I., 1976A.

5027 Neishtadt, M.1., 1976B.

5028 Nemkova, V.K., 1976.

5029 Nikiforova, L.D., 1979.

5030 Nikiforova,L.D., O.B.Parunin et al, 1975.

5031 Nikol'skaia, M.V., 1980.

5032 Peterson, G.M., 1979.

5033 Piavchenko,N.L., G.A Flina,V.N.CHachkhiani, 1976.
5034 Popova, A.L., 1969,
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APPENDIX G

References for the 6000 yr B.P. Pollen Data from South America

This appendix contains a table of the publication index numbers from Table 6 in the main text
and the references for the pollen data from South America. The table lists the publication index
numbers along with one or more reference numbers that can be used to find the full bibliographic
reference in the reference list. The references are listed in numerical order by reference number.
V. Markgraf compiled the references.

Table G-1. Key to the Publication Index Numbers for the 6000 yr B.P. Pollen Data from South

America.
9001 1 Bradbury, J.P., B.Leyden, M.Salgado-Labouriau, W.M.Lewis, C.Schubert,
9002 2 Salgado-Labouriau, M.L., 1980
9003 3 Salgado-Labouriau, M.L., 1976
2004 4 Salgado-Labouriau, C.Schubert & S.Valastro, 1977.
9005 5 Salgado-Labouriau, M.L. & C.Schubert, 1976
9006 6 Van der Hammen, 1962
9007 7 Van der Hammen, Th. & A.E.Gonzalez, 1965
9008 8 Gonzalez, E.A., Th.Van der Hammen & R.F.Flint, 1965
2009 9 Van Geel & Van der Hammen, 1973
9010 10 Schreve-Brinkman, E.J., 1978
9011 11 Van der Hammen, T., J.Barelds & A.A. de Veer, 1981
9012 12 Van der Hammen, T. & A.E.Gonzalez, 1960
9013 13 Van der Hammen, T. & A.E.Gonzalez, 1960
9014 14 Colinvaux, P.A. & E.K.Schofield, 1976
9015 15 Absy, M.L., 1979
9016 16 Wijmstra, T.A. & T. Van der Hammen, 1966
9017 17 Van der Hammen, 1963
9018 18 Graf, K. 1981
ap19 19 Villaroel, C. & K.Graf, 1979
9020 20 D'Antoni, H.L. 1980
2021 21 Markgraf, V., 1982
2022 22 - Harkness, D.D. & H.W. Wilson, 1979
9023 23 Markgraf, V., 1980.
9024 24 Auer V,, 1958
9025 25 Heusser, C.J., 1960
9026 26 Heusser, C.J., 1966
9027 27 Heusser, C.J., 1973
9028 28 Mercer, J.H. & T.Ager, 1978
9029 29 Markgraf, V., 1880
9030 30 Graf, K., 1979
9031 31 Auer V., 1974
9032 32 Barrow, C.J., 1978
9033 1,2
9034 3,4
9035 19,30
9036 22,32

113



10

11

12

REFERENCES

Bradbury, J.P., B.Leyden, M.Salgadoe-Labouriau, W.M.Lewis, C.Schubert,
M.W.Binford, D.G.Frey, D.R.Whitehead, and F.H.Weibezahn, 1981.
Late Quaternary environmental history of Lake Valencia,
Venezuela. Science 214:12998-1305.

Salgado-Labouriau, M.L., 1980.
A polien diagram of the Pleistocene-Holocene boundary of Lake
Valencia, Venezuela. Review of Paleobotany Palynology 30:297-312.

Salgado-Labouriau, M.L., 1876.
Compositae vs. Gramineae in pollen analysis. Palaeobot. 25:439-447.

Salgado-Labouriau, M.L., C.Schubert and S.Valastro, 1977.
Palaeoecologic analysis of a Late Quaternary terrace from
Mucubaji, Venezuelan Andes. J.Biogeogr. 4:3 13-325.

Salgado-Labouriau, M.L. and C.Schubert, 19786.
Palynology of Holocene peat bogs from the central Venezuelan Andes.

Palaeogeography, Palaeoclimatology, Palaeoecology 19:147-156.

Van der Hammen, T., 1962,
Palinologia de la region de "Laguna de los Bobos." Revista
Academ. Colombian. Cienc. Exact.,Fisic.yNatur. 11:359-361.

Van der Hammen, T. and A.E.Gonzalez, 1965.
Late glacial and holocene pollen diagram from Cienaga del
Visitador (dep. Boyaca, Colombia). Leidse Geol. Mededeling.
32:193-201.

Gonzalez, E.A., T.Van der Hammen and R.F.Flint, 1965,
Late Quaternary giacial and vegetational sequence in Valley de
Lagunillas, Sierra Nevada deCocuy, Colombia. Leidse Geol.
Mededel., 32:157-182.

Van Geel, B. and T. Van der Hammen, 1973.

Upper Quaternary vegetational and climatic sequence of the Fuquene area

(eastern Cordillera, Colombia). Palaeogeography, Palaeoclimatology,
Palaececology 14:9-92.

Schreve-Brinkman, E.J., 1978,
A palynological study of the Upper Quaternary sequence in the
El Abra corridor and rock shelters (Colombia) Palaeogeography,
Palaeoclimatology, Palaeoecology 25:1-109.

Van der Hammen, T., J.Barelds and A.A. de Veer, 1981
Glacial sequence and environmental history in the Sierra Nevada
del Cocuy (Colombia). PPP 32:247-340.

Van der Hammen, T. and A.E.Gonzalez, 1960.
Climate and vegetation history of the Late glacial and Holocene
of the Paramos de Palacio (Eastern Cordillera, Colombia SA).
Geologie en Mijnbow 39:737-7486.

114



13

14

16

17

18

19

20

21

22

23

24

25

26

\Van der Hammen, T. and A.E.Gonzalez, 1960.
Upper Pleistocene and Holocene climate and vegetation of the
Sabana de Bogata Colombia S America. Leidse Geol. Mededel. 25:126-315.

Colinvaux, P.A. and E.K.Schofleld, 1976.
Historical ecology in the Galapagos Islands. J.Ecol. 64:989-101Z2.

Absy, M.L., 1979,
A palynological study of Holocene sediments in the Amazon basin.
Dissert. Amsterdam,

Wijmstra, T.A. 2and T. Van der Hammen, 1966.
Palynological data on the history of tropical savannas in northern
South America. Leidse Geol. Mededel. 386:71-90.

Van der Hammen, T., 1863.
A palynological study on the Quaternary of British Guiana. Leidse
Geol. Mededel. 29:125-180.

Graf, K., 1981.
Palynological investigation of two post-glacial peat bogs near
the boundary of Bolivia and Peru. J.Biogeogr. 8:353-368.

Villaroel, C. and K.Graf, 1979.
Zur Entstehung des Talkessels von La Paz, Bolivien und Umgebung.
Geographica Helvetica 34:1,43-49.

D’Antoni, H.L., 1980.
Los ultimos 30,000 anos en el sur de Mendoza (Arg) Proc. III Col.
Paleobot. Palinologia, Mexico City 1977, INAH, 86:83-108.

Markgraf, V., 1982,
submitted. Paleoclimatic changes during the late and postglacial
in subantarctic, ternperate and arid environments in Argentina.

Harkness, D.D. and H.W. Wilson, 1979,
Scottish Universities Research and Reactor Centre Radiocarbon
Measurements III. Radiocarbeon 1979, 21:203-256.

Markgraf, V., 1980.
Paleoclimatic reconstructions of the last 15,000 years in sub-
antarctic and temperate regions of Argentina. Mem. Museum
Natl. Hist. Naturelle, B.Botanique, 27:87-97.

Auver V,, 1958,
The Pleistocene of Fuego-Patagonia. Part II. Annal. Acad.
Scientiarum Fenn. A, 50:235pp.

Heusser, C.J., 1960.

Late Pleistocene polien diagrams from the Province of Llanquihue
Southern Chile. Proc. Americ. Phil. Soc. 1860, 110,4,269-305.

Heusser, C.J., 1966.
Polar hemispheric correlation; palynological evidence from Chile

115



27

28

29

30

31

32

and the Pacific Northwest. Proc. Int. Symp. World Climate 8000
to OBC. (J.S.Swayer ed.) Roy.Met. Soc. :124-141.

Heusser, C.J., 1973.
An additional post-glacial pollen diagram from Paragonia
occidental. Pollen et Spores, 14,2,157-167.

Mercer, J.H. and T.Ager, 1978.
Glacial and floral changes in southern Argentina since 14,000
years ago. Natl. Geogr. Soc. Ann. Review 1978, in press.

Markgraf, V., 1980.
New data on the late and postglacial vegetational history of
La Mision, Tierra del Fuego, Argentina. IV Int. Palyn. Conf.
1976-1977. Proc. 3,68-74.

Graf, K., 1979,
Untersuchungen zur rezenten Pollen- und Sporenflora in der
nordlichen Zentralkordillere Boliviens und Versuch einer
Auswertung von Profilen aus Postglazialen Torfmooren.
Habilitationsschrift 1979, Zurich, Switzerland.

Auer V,, 1974,
The isorhythmicity subsequent to the Fuego-Patagonian and
Fennoscandian ocean level transgressions and regressions of the
latest glaciation. Ann. Acad. Scient. Fenn. A:115, 88pp.

Barrow, C.J., 1978.
Postglacial pollen diagrams from South Georgia (sub-Antarctic)
and West Falkland Island (South Atlantic). Journal Biogeogr.
1978, 5, 251-274.

116



APPENDIX H

References for the 6000 yr B.P. Pollen Data from New Zealand

This appendix contains a table of the publication index numbers in Table 7 of the main text and
the reference list for the pollen data from New Zealand. The table lists the publication index
numbers along with a second set of one or more reference numbers that can be used to find the full
bibliographic reference in the reference list. The references are listed in numerical order by
reference number. M. S. McGlone compiled the references.

Table H-1. Key to the Publication Index Numbers for the 6000 vr B.P. Pollen Data from New
Zealand.

9501
8502
9503
9504
9505
9506
9507
9508
9509
9510 10
9511 11
9512 12
9513 13
9514 14
9515 10,15,16

W00 =1 WU LDBD e

REFERENCES
1 MciIntyre, D.J., and 1.C. McKellar, 1970.
A radiocarbon dated Post Glacial pollen profile from Swampy Hill,
Dunedin, New Zealand. Journal of Geology and Geophysics 13:346-348.
2 McGlone, unpublished data.
3 Moar, N.T., 1970.
A new pollen diagram from Pyramid Valley Swamp. Records of the
Canterbury Museum 8:455-461.
4 McGlone and Nelson, unpublished data.
5 Mildenhall, D.C., 1979.
Holocene pollen diagrams from Pauatahanui Inlet, Porirua, New Zealand.
New Zealand Journal of Geology and Geophysics 22:585-591.
6 McGlone and Neall, unpublished data.

7 McGlone, M.S. and J.L. Bathgate, 1983.

117



10

11

12

13

14

15

16

Vegetation and climate history of the Longwood Range, South Island,
New Zealand, 12000 b.p. to the present. New Zealand Journal of
Botany 21:293-215.

Pocknali, D.T., 1980.
Modern pollen rain and Aranuian vegetation from Lady Lake, North
Westland, New Zealand. New Zealand Journal of Botany 18:275-284.

Dodson, J.R., 1978.
A vegetation history from north-east Nelson, New Zealand. New Zealand

Journal of Botany 16:371-378.

Moar, N.T., 1971.
Contributions to the Quaternary history of the New Zealand flora.
6. Aranuian pollen diagrams from Canterbury, Nelson, and North
Westland, South Island. New Zealand Journal of Botany 9:80-145.

MecGlone, M.S. and W.W. Topping, 1877.
Aranuian (Post Glacial) pollen diagrams from the Tongariro region,
North Island, New Zealand. New Zealand Journal of Botany 15:749-760.

Moar, N.T., 1967.
Contributions to the Quaternary history of the New Zealand flora.
4. Pollen diagrams from the western Ruahine Ranges. New Zealand
Journal of Science 4:350-359.

Moar, N.T., 1967. :
Contributions to the Quaternary history of the New Zealand flora.
5. Pollen diagrams from No Man’s Land Bog, northern Ruahine Range.
New Zealand Journal of Botany 5:394-399.

McGlone, M.S., 1983.
Holocene pollen diagrams, Lake Rotorua, North Island, New Zealand.
Journal of the Royal Society of New Zealand 13:53-65.

Burrows, C.J., 1983,
Radiocarbon dates from Late Quaternary deposits in the Cass
district, Canterbury, New Zealand. New Zealand Journal of Botany
21:443-454.

Lintott, W.H. and C.J. Burrows, 1973.
A pollen diagram and macrofossils from Kettlehole Bog, Cass,
South Island, New Zealand. New Zealand Journal of Botany
11:269-282.

118



APPENDIX 1

References for the 8000 vr B.P. Lake Level Data

This appendix contains a table of the publication index numbers fromn Table 8 in the main text
and the reference list for the lake level data. The table lists the publication index numbers along
with one or more reference numbers that can be used to find the full bibliographic reference in the
reference list. The references are listed in numerical order by reference number. F. A. Street-
Perrott, S. Harrison, and N. Roberts compiled the references.

Table I-1. Key to the Publication Index Numbers from the 6000 yr B.P. Lake Level Data

6001 119,120,291,312
6002 252

6004 13,96,130

6005 68,96,112,293,294
6008 107,120,128,130
6014 96,113,294

6016 318,371

6017 313,314,315,316
6018 70

6019 69,70

6022, 46,74,133,134,142,227,293,294,361
6023 54,56

‘6024 143

6025 213,214

6027 120,130

6028 31,133,134,194,253
6030 175

6031 175,257

6033 175

6036 94,112,113,293,294
6042 175

6044 68,161

6045 95

6047 175

6050 70

6054 68,319

6055 90,162,248,265
6060 50

6061 71,72,145,163,164,165
6062 177

6065 149,303

6070 353,354,355

6072 9,50,270

6073 50,62,191,271,345
6074 55,56

6075 133,134

6078 59,144,156

6080 157

6084 150
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6086
6088
6090
6093
6095
6029
6100
6103
6104
6107
6108
6113
6114
6115
6116
6123
6129
6130
6131
6132
6134
6136
6137
6143
6145
6146
6147
6148
6150
6151
6152
6153
6154
6156
6161
6162
6165
6167
6168
6169
6175
6178
6179
6181
6182
6183
6184
6185
6186
6187
6189
6190
6191
6193

75
112.293.294

97

50,52.262,342.270,373

202,308

175

5,70.94

136.140,143,153.304

274

299

14

108.272,274
22,180,188.201.242,243,340,341

299

230

2.299

189,233,334.335.336.346

92

91

84,85.155,222,223,234,284

17

181,184,186,198.255
79,115,116.181,183,184,186,187,302,328,375,377
117,192,193,217,229,275,277.306,309
352

349,350,352

60

67

98,332

367,368

45,118

123

209
23,30,42,43,114,155,217,219,238,247,276,337
154,159,166,356

10,11

61,85,222,228,307

190,282
6,7.8,48,192.217.261.311,329
8,20,21,48

18,148,167,267.268
41,42,43,83,105,196,200,229,238,289,302,310,322,323,324,325,326,328
369

171,172

287

327

124,171,178

224

358

215,317

78
40,146,220,221,235,244,245,348,376
264,305,357

320
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6195
6196
6198
6199
6200
6202
6206
6211
6213
6214
6215
6217
6218
6219
6220
6221
6222
6223
6226
6228
6229
6231
6234
6235
6236
6237

10

65,66

331
168,169,236.237
292
39,122,285
283
34,57,102
204
76,77,126,280,285
16,34,57,100
33.34,35.100
225

100,101
206,207,208
99

58

64

205

139

34,35

203

121

250

103

176

296
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APPENDIX J

Lake Level Data for 6000 yr B.P.
Prepared by
F.A. Street-Perrott and 5.P. Harrison
Geography School
Mansfield Road, Oxford, U.K.

The 1984 version of the Oxford Lake-Level Data Bank includes 238 basins. Information about
lake status (i.e., the relative height of the water level) at 6000 yr B.P. is available for 118 of these
sites. The data from 74 sites also vielded information on the lake-level trend (the direction of
change in lake level, which is coded in 4 categories: up, down, stable, or uncodable no data).

Africa

Data from African sites make up nearly half (43%) of the total data set. Most of the 46 sites
with data for 6000 yr B.P. are located north of the Equator (Fig. J-1). The majority of lakes stood
at high levels, indicating that the climate was much moister than today over large areas of the
continent, especially between the Equator and the Tropic of Cancer (Fig. J-1). This lacustral phase
began shortly before 12,000 yr B.P. and intensified after 10,000 yr B.P. It reached its maximum
arcund 9000 to 8000 yr B.P. Many basins, however, experienced a pronounced drop in lake levels
between 8000 and 7000 vr B.P. (Street-Perrott and Roberts, 1983). The recovery to high or
intermediate levels took place just before 6000 yr B.P.

Estimates of the increase in precipitation required to sustain the enlarged African lakes in the
Northern Hemisphere tropics at 6000 yr B.P. range from less than 130 to over 500 mm {(Street,
1979: Kutzbach, 1980; Hastenrath and Kutzbach, 1983). Street-Perrott and Roberts (1983} have
interpreted the distribution of high lake levels in terms of a greatly enhanced summer-monsoon
circulation, possibly accompanied by a slight northwards displacement of the Equatorial trough.
Their conclusions have received support from general-circulation modeling experiments by Kutzbach
(1981), Kutzbach and Otto-Bliesner (1982), and Kutzbach and Guetter (19843a,b).

From the Equator southwards, the contrast between 6000 yr B.P. and the present situation
becomes progressively less marked, as seen by the occurrence of sites with intermediate or low lake
levels (Fig. J-1). A second cluster of lakes with intermediate or low status can be identified in the
northeastern Sahara, extending into the Near East. Kutzbach (1983) has suggested that this
"cusp” of low lake levels reflects a region of dry, subsiding air on the northwestern flank of an
intensified summer-monsoon low over southern Asia.

The information on lake-level trend reveals that 6000 yr B.P. was a time of transition and not
a period of stable hydrological conditions (Table J-1). In a significant number of basins (7}, lake
Jevels were beginning to fall, marking the close of the early- to mid-Holocene lacustral phase in the
Sahara and the East African Rift. This drying trend accelerated around 5000 yr B.P. and has
continued, with only minor oscillations, during the last 4000 years.

Southwest, Central, and South Asia
The lakes in this region, which extends from Turkey in the west to western China in the east,

and from tropical Saudi Arabia in the south (18.5°N) to the Central Asian deserts (42.5°N) formed
two spatially separate clusters at 6000 yr B.P. (Fig, J-1) (Roberts, 1984). The first group consisted
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Water levels in lakes &) today and b) 6000 yr B.P.. Black circles indicate
high water levels (above 70% of the maximum height recorded for the basin),

open circles indicate intermediate levels, and open triangles indicate low
water levels (below 15% of the maximum height).
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Table J-1:
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Table J-2:
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Distribution of Status/Trend Classes at 6000 yr BP in the African
Lake-Level Data Set., '

LAKE STATUS

High Intermediate Low No Data Subtotals

Rising 1 0 1 0 2

Stable 13 1 4 0 18

Falling L] 1 0 0 7

Uncodable/ 12 7 0 57 76
No Data

Subtotals 32 9 5 57 103

Distribution of Status/Trend Classes at 6000 yr BP in the Asian
Lake-Level Data Set.,

LAKE STATUS
High Intermediate Low No Data Subtotals
Rising 0 1 1 0 2
Stable 3 1 2 0 6
Falling 1 0 0 0 1
Uncodabie/ 1 1 0 20 22
No Data
Subtotals 5 3 3 20 31
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of lakes with high status, all of which lay equatorward of 29°N in southern Saudi Arabia, India
(Rajasthan), and Tibet. These areas, which are influenced today by the Indian Ocean monsoon
system, were moister than at the present day (Swain et al., 1983). The second group, of low or
intermediate lakes, stretched from the Near East through northern Saudi Arabia and Iran into
Soviet Central Asia (28 to 42.5°N). This more northerly belt formed part of the “cusp” area
discussed above. Most of these lakes have remained stable or even risen over the last 6000 years
(Table J-2).

North America (excluding tropical Mexico and Greenland)

The present version of the data bank includes 59 lake basins in North America. Thirty two of
these have provided information about 6000 yr B.P. (Table J-3). The distribution of data points
spans the latitude range 27 to 57°N. No data were found for Alaska or the Canadian Arctic.

At 6000 yr B.F., many lakes stood at levels lower than today's, or were dry (Fig. J-1).
Uncertainty exists about some of the water-level fluctuations, because many were inferred from
aquatic pollen types, which are a less precise indicator than, for example, diatorns, ostracodes or
sediment chemistry (Dean et al., 1984). Moreover, many paleolimnologists in the eastern United
States have been reluctant to consider the possibility of significant changes in water level during the
Holocene. This conservatism has been a significant barrier to wider use of their data in
paleohydrological and paleoclimawlogical studies.

Since the last glacial maximum, the North American lakes have shown a general tendency to
vary in the opposite direction to those in northern intertropical Africa. At 6000 yr B.P., 91% of the
documented sites were experiencing low or intermediate water levels, a pattern that remained
relatively stable until 5000 yr B.P. (Table 3).

In comparison with the present day, conditions at 6000 yr B.P. “were broadly similar, or
somewhat drier, north of approximately 40°N. Winkler and Kutzbach (pers. comm.) have
estimated that the annual precipitation in southern Wisconsin (43°N) was about 12% less than the
precipitation today, based on a water- and energy-budget model for Lake Mendota. Mid-Holocene
aridity was most prono in the Canadian Prairies (Alberta, 52 to 54°N), where water levels were
much lower at 6000 yr B.P. than today. In contrast, to the south of 40°N, Figure J-1 suggests
that the climate was similar to, or slightly moister than, today's, with the possible exception of
Florida, where the lakes appear to have stood at slightly lower levels than they do now.

Central and South America (including tropical Mexico)

Only ten sites have provided lake-level information for 6000 yr B.P., and several of these are
of doubtful quality (Fig. J-1} Uncertainties exist because of the possible influence of sea-level
fluctuations on some records, the widespread use of aquatic polien as an indicator, and the existence
of numerous minor oscillations superimposed on the major trends. Most of the lakes stood at low or
intermediate levels and showed a stable or falling trend (Table J-4). In comparison to the present
day, conditions at 6000 yr B.P. appear to have been similar or slightly drier. Not enough data exist
for the identification of spatial patterns in South America. The tropical lakes in this region,
however, were generally much lower than today at 18,000 yr B.P. Asin tropical Africa, water
levels rose rapidly at the beginning of the Holocene. The main difference between the two areas lies
in the prevalence of high and intermediate lake levels in the New World tropics at the present day
(Fig. J-1).

146



Table J-3: Distribution of Status/Trend Classes at 6000 yr BP in the North American
Lake-Level Data Set.

LAKE STATUS
High Intermediate  Low No Data Subtotals

T

Rising 0 1 2 0 3
R

Stable 1 0 11 0 12
E

Falling 0 3 1 0 4
N

Uncodable/ 2 5 6 27 40
D No Data

Subtotals 2 9 20 27 59

Table J-4: Distribution of Status/Trend Classes at 6000 yr BP in the Central and South American
Lake-Level Data Set.

LAKE STATUS
High Intermediate Low No Data Subtotals

T

Rising 0 0 0 0 0
R

Stable 1 1 2 0 4
E .

Falling 0 2 0 0 2
N

Uncodable/ 0 1 3 3 7
D No Data .

Subtotals 1 4 5 3 13
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Australia and New Zealand

Of a total of 25 sites in this region, 15 provide information about 6000 yr B.P. With a few
exceptions, lake levels were high or intermediate, and stable or falling (Fig. J-1, Table J-5). The
majority of sites in tropical and temperate Australia, as well as Lake Rotorua in New Zealand,
indicate that climatic conditions at 6000 yr B.P. were similar to, or moister than, today’s (Fig. J-1).
The distribution of data points, however, is highly clustered. There is little information about the
arid core of Australia and none at all from the South Island of New Zealand.

Europe (including Greenland)

The data set from Europe is still extremely limited, due to many of the same problems that
have beset research in eastern North America. The potential for future work is enormous,
however, particularly if better methods can be derived for the interpretation of aquatic pollen
assemblages.

Four lakes have so far yielded data for 6000 yr B.P. (Table J-6). These are all situated
between 53 and 62°N. Lake Wielke Gacno {Poland} exhibited intermediate status at this time,
whereas the other three lakes were all high (Fig. J-1). If Figures J-1a and J-1b are compared, it
appears that the climate at 6000 yr B.P. was drier than today in Poland, fairly similar to today in
Scotland and much moister than today in northern Finland and Greenland (60 to 62°N).

Summary

Data are now available for 6000 yr B.P. from a total of 118 lake basins. Coherent
paleohydrological anomalies are indicated in certain regions. Northern intertropical Africa,
southern Arabia, and the monsoon region of southern Asia appear to have been wetter or rmuch
wetter than today. Conditions in North America south of approximately 40°N, and in temperate
and tropical Australasia, were similar to today's or slightly wetter. The data from the tropical
Americas are conflicting but suggest that lake levels were generally comparable to the present day
or slightly lower. There are indications of greater wetness along the Arctic Circle.

In contrast, the mid-latitudes of North America end probably Central Europe appear to have
been relatively dry. Conditions were similar to the present day or even drier in the Near East,
Iran, and possibly Central Asia. There are also signs of greater dryness in South America and
Africa (19 to 35°S), but more information from these data-poor regions is needed t check this
possibility.
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Table J-5:

v, B o= 3

)

Table J-6:

g 2 B = =3

Distribution of Status/Trend Classes at 6000 yr BP in the Australasian
Lake-Level Data Set.

LAKE STATUS
High Intermediate Low No Data Subtotals
Rising 0 0 0 0 0
Stable 4 3 2 0 9
Falling 1 1 0 0 2
Uncodable/ 1 2 1 10 14
No Data
Subtotals 6 6 3 10 25

Distribution of Status/Trend Classes at 6000 yr BP in the European
Lake-Level Data Set.

LAKE STATUS

High Intermediate Low No Data Subtotals
Rising 0 0 0 0 0
Stable 2 0 0 0 2
Falling 0 0 0 0 0
Uncodable/ 1 1 0 3 5
No Data
Subtotals 3 1 0 3 7
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APPENDIX K

References for the 6000 yr B.P. Marine Plankton Data from
the Atlantic, Pacific, and Southern Oceans

This appendix contains a table of publication index numbers from Table 10 in the main text
and the reference list. The table lists the publication index numbers along with a second set of one
or more reference numbers that can be used to find the full bibliographic reference in the reference
list. The references are listed in numerical order by reference number. W. F. Ruddiman and J. J.
Morley compiled the references.

Table K-1. Key to the Publication Index Numbers for the 6000 yr B.P. Marine Plankton Data from
the Atlantic, Pacific. and Southern Oceans.

8001 1
8002 1,7
8003 2,3,6
8004 4,5,12
8005 7
8006 8,9

8007 10,11,13
8008 10,12
8009 10,12,13
8010 10,12,14
8011 11,12,14
8012 12,13
8013 12,14
8014 13

8015 21

8016 20,28
8017 15,21,26
8018 21,24

8019 16,17
8020 19,26
8021 18,23
8022 17,27
8023 22
8024 25
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APPENDIX L

References for the 6000 yr B.P. Marine Piankton Data from
the Indian Ocean

This appendix contains a table of publication index numbers from Table 12 in the main text
and the reference list for the marine plankton data from the Indian Ocean. The table lists the
publication index numbers along with a second set of one or more reference numbers that can be
used to find the full bibliographic reference in the reference list. The references are listed in
numerical order by reference number. W. F. Prell and R. Marvel compiled the references.

Table L-1. Key to the Publication Index Numbers for the 6000 yr B.P. Marine Plankton Data for
the Indian Ocean.

8101 1,3,5,7,8
8102 2,4
8103 3
8104 5
8105 5,6,
8106 5,7
8107 9
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