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Geomagnetic Palaeosecular Variation Recorded In North And Central 
American Speleothems 

Unpublished Ph.D. thesis. University of Liverpool. P.O Box 147. Liverpool. 
L693BX UK 
[A vailable /rom the University] 

The aim of this project was to collect samples of stalagmites from 
Northern and Central America in order to produce records of the 
palaeosecular variation of the earth ' s magnetic field. Two stalagmites 
were sampled from Western Canada and ten from Mexico and Guatemala 
which could be compared with contemporaneous stalagmite records from 
these areas (Latham, 1981 ; Latham et ai , 1982; 1986; 1987; 1989). 

The sta lagmites were generally weakly magnetised but remanence 
directions were stable upon stepwise thermal and alternating-field 
demagnetisation . Consistency in directions recorded between central and 
corresponding lateral sub-samples within two stalagmites (MSC2 from 
Can ada and CP1 from Guatemala) inferred that any depositional errors 
caused by surface effects were less than the measurement errors. Grain 
size analysis showed the presence of a fine-grained magnetic fraction 
(0.0 1 - O.loc m) sourced from the cave drip-waters (either by direct 
deposit ion or by chemical precipitation) and a coarser magnetic fraction 
(0.0 I - > I Ooc m) sourced from the flood-borne detritus. The latter source 
was dominant in stalagmi tes which were regularly inundated with water. 
The type of magnetic mineral present was determined by the geology of 
the catchment area; magnetite dominated in the Vancouver Island 
stalagmites, titanomagnetite in the Mexican stalagmites and haematite in 
the Guatemalan stalagmite. 

Uranium-series dating of samples was hindered by the young ages of 
many of the samples, by low uranium concentrations and by the presence 
of allogeni c thorium. If signi fi cant amounts of allogenic thorium were 
present, a sample age could be calculated based on an estimate of the initial 
thorium ratio ([nD'fh.f132Th 10)' Analysis of samples from Sumidero Recuerdo 
in Mexico, however, suggested that th is ratio is not constant with time and 
may vary by a factor of two over approximately 1700 years. Due to these 
imprecis ions many dates were out of stratigraphic sequence and age 
estimates were made assuming constant growth rates, except where 
growth had ceased for a finite length of time. 

Records of sequential change of palaeomagnetic direction were obtained 
from the Mexican stalagmite SSB and the Canadian stalagmite MSC2. 
The reliabi lity of the latter record was confirmed by comparison with 
anothe r Canadi an stalagmite record (Latham et ai , 1987) and 
contemporaneous lacustrine records. Other records were disappointing 
due to poor temporal reso lution; each sub-sample represented a period of 
approximate ly 1000 years in Mexican stalagmites SSJ2 and SSJ4. Such 
slow growth rates are insuffi c ient fo r the resolution of secular variation 
features with periods of less than 2000 years and are only suitable to gain 
in formation about the nature oflong-term secular variations, for example 
the far-sided virtua l geomagnetic po les and low inclinations predominant 
throughout the Holocene in Southern Mexico. 

The ex istence of matching contemporaneous stalagmite records of 
secular variation together wi th the demonstrated lack of depositional 
inclination errors is encouraging, despite the sometimes "hit or miss" 
aspects of sample selection. Nevertheless it has been proved that speleothem 
records have the potential to complement the existing archaeomagnetic, 

lava and lacustrine data. 
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This study has produced records of the palaeosecular variation (PSV) of 
the earth's magnetic field from speleothems from China and Spain. The 
ultimate aim of this project was to produce contemporaneous PSV records 
which would show that speleothems accurately record ambient 
geomagnetic field behaviour. From Sichuan Province, China, five 
speleothems were collected of which four were studied for their records 
of PSV. Eight Spanish speleothems from the Cantabrian coast were 
collected but their weak magnetisation allowed only one record of PSV 
to be produced. 

All speleothem sub-samples were weakly magnetised and had, on 
average, initial intensities of < 100 x 1O-8Am2kg·1 Despite this, the 
majority of sub-samples were stable during stepwise alternating-field and 
thermal demagnetisation and each displayed a single component of 
magnetisation after removal of any secondary overprints. Rock magnetic 
experiments were hampered by low mineral concentrations but suggested 
that the remanences of each speleothem were carried by a mixture of multi 
and single-domain (titano-) magnetite and also by haematite present in 
significant quantities. The primary method of remanence acquisition 
appeared to be a depositional remanence sourced from flooding . This was 
corroborated by a linear relationship between sub-sample intensities and 
weight % acid in: oluble detritus. 

A selection of sub-samples from each speleothem were d~ted us'ing 
uranium-thorium disequilibrium and alpha spectrometry. Forthe majority 
of sub-samples the low concentrations of uranium, high levels of detrital 
contamination and initially low chemical yields raised the associated 
dating inaccuracies above the quoted level for alpha spectrometry of 5-
10%. Two Spanish speleothems had high uranium concentrations and 
little, or no, detrital contamination . Percent age errors of these speleothems 
ranged from I to 6%. Comprehensive experiments on the efficiencies of 
three electrodeposition methods were also undertaken. The most efficient 
method was found to be a modified version of the Hallstadius method 
(Hallstadius, 1984) which consistently achieved chemical y ields between 
40 and 90% for uranium and thorium. 

In order to correct more analytically for the presence of detrital 
contamination, the leachatelleachate method of Schwarcz and Latham 
( 1989) was tested The maximum likelihood estimation data treatment 
technique (Ludwig and Titterington, 1994) was used to calculate dates 
from these analyses. Tests on Mexican speleothem SSJ2 gave excellent 
results allowing a revised dating scheme to be adopted. Tests on some sub­
samples from Chinese speleothems were generally unsuccessfu l due to 
analytical errors. 

The isotope 2lOPb was used to date the top surface of one speleothem. A 
constant growth rate was inferred which was significantly less than that 
calculated from the 23°Th - 2l4U dating method. Thi s was thought to be due 
to the fo rmer techniques inability to resolve growth rates of periods ofless 
than 200 years. 

Despite the dating errors associated with each speleothem the records of 
PSV compare well with each other and wi th contemporaneous records 
from China, Japan and also the UK (fo r the Spani sh record ). In add ition. 
agreement with PSV data modelled from observatory records suggested 
that westward drift ofthe non-dipole geomagnetic field was predominant 
during the past 10ka. 



RESEARCH FUNDS AND GRANTS 

THE SCRA RESEARCH FUND 
The British Cave Research Association has established the BCRA Research Fund to promote research into all aspects of speleology in Britain and 
abroad. Initially, a total of £500 per year will be made available. The aims of the scheme are primarily: 
a) To assist in the purchase of consumab le items such as water-tracing dyes, sample holders or chemical reagents without which it would be 

impossi ble to carry out or complete a research project. 
b) To provide funds for travel in association with fieldwork or to visit laboratories which could provide essential facilities. 
c) To provide financial support for the prcparation of scientific reports. This cou ld cover. for examp le. the costs of photographic processing, 

cartographic materials or computing time. 
d) To stimulate new research which the BCRA Research Committee considers could contribute significantly to emerging areas of speleology. 

The award scheme will not support the salaries of the rcsearch workcr(s) or assistants, attendance at conferences in Britain or abroad, nor the purchase 
of personal caving clothing. equipment or vehicles. The applicant must be the principal investigator, and must be a member of the BCRA in order 
to qualify. Grants may be made to individual s or groups (including BCRA Special Interest Groups), who need not be employed in universities or 
rcsearch cstabli shments. Information about the Fund and application forms Research Awards are avai lable from The BCRA Administrator (address 
at foot of page). 

GHAR PARAU FOUNDATION EXPEDITION AWARDS 
An award, or awards, with a minimum of around £ 1 000 available annually, to overseas caving expeditions originating from within the United Kingdom . 
Grants are normally given to those expeditions with an emphasis on a scientific approach andlor exploration in remote or little known areas. 
Application forms are available from the GPF Secretary, David Judson, Hurst Farm Barn, Cutler's Lane, Castlemorton Common, Malvern, Worcs., 
WR 13 6LF. Closing date I st February. 

THE E.K.TRATMAN AWARD 
An annual award, currently £50. made for the most stimulating contribution towards speleological literature published within the United Kingdom 
during the past 12 months. Suggestions are always we lcome to members of the GPF Awards Committee. or its Secretary. David Judson, not later 
than I st February each year. 

BRITISH CAVE RESEARCH ASSOCIATION PUBLICATIONS 

CA VE & KARST SCIENCE - published three times annually, a scientific journal comprising original research papers, reviews and discussion forum , 
on all aspects of speleological investigation, geology and geomorphology related to karst and caves. archaeology, biospeleology, explorat ion and 
expedition reports. 
Ed itors: Dr. D.J. Lowe. clo Briti sh Gcological Survey. Keyworth. Notts., NG 12 5GG and Professor J. Gunn, Limestone Research Group, Dept. of 
Geographical and Environmental Sciences. University of Huddersfield. Huddersfi eld HD I 3DH. 

CA YES AND CA VING - quarterly news magazine of current events in caving, with briefrepor!<; or latest explorations and expeditions, news of new 
techniques and equipment, Association personalia etc. 
Editor: Hugh St Lawrence, 5 May field Rd .. Bentham. Lancaster. LA2 7LP. 

CA VE STUDIES SERIES - occasional series of booklets on various speleological or karst subjects. 
No. I Caves & Karst of the Yorkshire Dales; by Tony Wal tham and Martin Davies, 1987. Reprinted 1991. 
No. 2 An Introduction to Cave Surveying; by Bryan Elli s, 1988. Reprinted 1993 . 
No.3 Caves & Karst of the Peak District; by Trevor Ford and John Gunn, 1990. Reprinted with cerrections 1992. 
NO.4 An Introduction to Cave Photography; by Sheena Stoddard. 1994. 
NO.5 An Introduction to British Limestone Karst Environments; edited by John Gunn , 1994. 
No.6 A Dictionary of Karst and Caves ; compiled by Dave Lowe and Tony Waltham, 1995. 

SPELEOHISTORY SERIES - an occasional series. 
No. J The Ease Gill System-Forty Years of Exploration; by Jim Eyre, 1989. 

CURRENT TITLES IN SPELEOLOGY - from 1994 this publication has been incorporated in to the international journal Bulletin Bibliographique 
SpeleologiquelSpeleological Abstracts; copies of which are availab le through BCRA . 

BCRA SPECIAL INTEREST GROUPS 

SPECIAL INTEREST GROUPS arc organised groups within the BCRA that issue their own publications and hold symposia, field meetings etc. 
Cave Radio and Electronics Group promotes the theoretical and practical study of cave radio and the uses of electronics in cave-related projects . The 
Group publishes a quarterly technical journal (c.32pp A4) and organises twice-yearly field meetings. Occasional publications include the 
Bibliography of Underground Communications (2nd cdition, 36pp /\4). 

Explosives Users' Group provides information to cavers using explosives for cave exploration and rescue, and liai ses with relevant authori ties. The 
Group produces a regular newslctter and organises field mcetings. Occasional publications include a Bibliography and Guide to Regulations etc. 

Hydrology Group organises mectings around the country for the demonstration and discussion of water-tracing techniques, and organises programmes 
of tracer insertion , sampling, monitoring and so on. The group publishes an occasional newsletter. 

Underground Photographer Maga::ine. Thi s magazine was first published in December 1995, 48pp A4 with black and white ;Jhotos. Subsequent 
editions have colour photos and articles on cave photography topics. 

Spe leohistory Group publishes an occasional newsletter on matters re lated to historical records of caves; documentary, photographic, biographical 
and so on. 

Cave Surveying Group is a forum for discussion of matters relating to cave surveying, including methods of data recording, data processing, survey 
standards, instruments. archiving policy etc. The Group publi shes a quarterly newsletter, Compass Points (c. 16pp A4). and organises seminars and 
field meetings. 

Copies of publications, information about Special Interest Groups, the BCRA Research Fund application forms, etc. are obtaillable from the 
BCRA Administrator: B MEllis, 20 Woodlalld Avellue, Westollzoylalld, Bridgwater, Somerset, TA 7 OLQ. 




