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Four Decades of Paleomagnetism in
Canada III (joint with T, V, NS)

Presiding: M T Cioppa, University of
Windsor; R Ernst, Geological Survey
of Canada

GP34A-01 1530h

An economic geologist’s tribute to Dave
Symons - paleomagnetist
extraordinaire

Don F. Sangster (613-489-2191;
dsangster@sympatico.ca)

Determining the age of emplacement of Mississippi
Valley-type (MVT) lead-zinc deposits has, until re-
cently, been the most significant impediment to a clear
understanding of their genesis. Lacking knowledge
of timing of ore emplacement, MVT genetic models
could be proposed without annoying age constraints
and could therefore be linked to virtually any geologic
event or process. The result, for decades, has been a
plethora of genetic models lacking a universal means of
testing their validity or providing guidance for either
mineral exploration or academic research. Dr. Symons’
pioneering research on the application of paleomag-
netic techniques to dating Mississippi Valley-type and
other sediment-hosted ore deposits has resulted in a
quantum leap in understanding when and where these
deposits formed in Earth history. His research on
nearly two dozen MVT deposits or districts worldwide
has shown that more than 70 percent of these ores
formed within two time-periods representing only 3
percent of Earth history. The first of these occurred
during the Devono-Permian with the second being the
Cretaceous-Tertiary period. These dates show that a
majority of MVT deposits formed during large contrac-
tional tectonic events while only a minority correspond
to extensional tectonic events in Earth history. This re-
markable observation has had huge implications for the
genesis of this type of mineral deposits by demonstrat-
ing that migration of MVT ore fluids is not a natural
consequence of basin evolution; rather, MVT deposits
form mainly where platform carbonates are hydrolog-
ically connected to uplifted orogenic belts generating
topographically-driven fluid migration. For example,
age dating of MVT deposits has shown that in excess
of 75 percent of the combined metal in dated deposits
resulted from uplift associated with assembly of Pangea
in Devonian through Permian time. David Symons’
research has therefore significantly contributed to un-
derstanding links between global tectonic events and
fluid migration in the Earth’s crust and brought a new
vision to understanding ore-formation within a broad
context of earth processes.
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Paleomagnetic Reconstruction of
Post-Paleozoic Tectonic Motions for
the Intermontane and Yukon-Tanana
Terranes of Baja British Columbia

David T.A. Symons1 (519-253-3000 x2493;
dsymons@uwindsor.ca)

Michael J. Harris1 (mjh@uwindsor.ca)

Philip J.A. McCausland1 (pjam@umich.edu)

William H. Blackburn1 (william
blakcburn@uwindsor.ca)

Craig J.R. Hart2 (craighart@gov.yk.ca)
1Department of Earth Sciences, University of Wind-

sor, Windsor, ON N9B 3P4, Canada

2Yukon Geology Program, Government of Yukon, Box
2703 [F-3], Whitehorse, YT Y1A 2C6, Canada

Paleopoles from 42 Mesozoic and Cenozoic rock
units in the Intermontane Belt (IMB) and Yukon-
Tanana (YT) terranes are deemed to be sufficiently rep-
resented paleomagnetically and well dated radiometri-
cally to merit consideration. Unlike previous analyses
based on paleoinclination only that have led to esti-
mates up to ∼ 3500 Km for northward (poleward) dis-
placement of Baja BC relative to the North American
craton, the pattern of both paleoinclination and pale-
odeclination are used to assess the reliability of each
paleopole. The analysis indicates that: 1) the YT ter-
rane is autochthonous or parautochthonous; 2) the IMB
terranes rotated steadily atop the craton by 16◦ ± 6◦
between 54 Ma and the present, accomodated by ex-
tension in the south and compression in the north; 3)
the IMB terranes were rotated a further 35◦ ± 14◦ and
translated northward by 8◦ ± 7◦ (900 Km) from 102
to 54 Ma, consistent with geological estimates for the

northward displacement of interior Baja BC; and, 4)
the Cache Creek, Quesnel and probably Stikine ter-
ranes were part of Baja BC since Early Jurassic.

GP34A-03 1600h INVITED

Paleomagnetic Perspectives:
Contributions of H.C. Palmer

William D. MacDonald (607-777-2863;
wdmacdon@binghamton.edu)

State University of New York, Dept. of Geological
Sciences, Vestal Parkway East, Binghamton, NY
13902-6000, United States

With a broad background in petrology, structure,
and tectonics, H.C. Palmer undertook a new career
path in paleomagnetism in 1964 under a Canada Coun-
cil post-doctoral fellowship at the University of West-
ern Ontario. Like many paleomagnetists of that time,
he became largely self-taught as he explored paleo-
magnetic methods and rock magnetism. His research,
although primarily focused on Canadian Precambrian
themes such as dike swarms, Grenville deformation, and
Logan’s loop, encompassed also studies in the U.S., Eu-
rope, South America, and Australia. Among his earli-
est studies was the first paleomagnetic investigation of
Warren Carey’s Bolivian orocline, preceding dozens of
subsequent investigations by other workers. Palmer’s
research objectives on a broad scale incorporated pa-
leomagnetic evidence into major tectonic events, espe-
cially those involving terrane accretion in the Canadian
Cordillera and Canadian shield. He was also attentive
to the important minutiae of mineralogical transforma-
tions and associated effects on magnetizations which
influence tectonic interpretations, as well as to the im-
portance of age relationships and correlations for cor-
rect paleomagnetic interpretations. He worked with a
wide variety of mainly igneous rocks, of many tectonic
and structural settings, ranging from silicic ashflows to
ultramafic intrusions. This paper highlights selected
contributions of Palmer’s wide-ranging career to the
fields of paleomagnetism and rock magnetism.

GP34A-04 1615h

Mapping Flow Patterns in Nipissing
Sills of the Southern Province,
Canadian Shield: a Magnetic Fabric
Study

H. Currie Palmer1

Richard E. Ernst2 (1-613-995-4386;
rernst@NRCan.gc.ca)

Kenneth L. Buchan2

1Dept. of Earth Sciences, University of Western On-
tario, London, Ontario N6A 5B7, Canada

2Geological Survey of Canada, 601 Booth St., Ottawa,
Ontario K1A 0E8, Canada

It has been proposed that large sill provinces are
fed either vertically from underlying source areas or
via lateral flow in giant dyke swarms. Ca. 2217 Ma
Nipissing sills of the Huronian sedimentary basin of
the Southern Province of the Canadian Shield provide
an ideal test of these models because they are well ex-
posed, readily accessible for sampling and mostly un-
metamorphosed north of the Murray fault. Buchan et
al. (1998) have suggested that the Nipissing sills were
fed laterally from a mantle plume centre 1500 km to
the northeast in the Ungava bay region via 2216 Ma
Senneterre dykes which form part of a giant radiating
dyke swarm. Evidence that Nipissing sills were fed from
the side rather than from underneath would support
the model of a distant source. Anisotropy of magnetic
susceptibility (AMS) is an efficient technique for de-
termining flow directions in magmatic rocks. In this
study, we present results from approximately 130 sites
in Nipissing sills. Sites in the northern Cobalt plate
exhibit sill-like patterns with maximum susceptibility
axes oriented NNW-SSE and are thus compatible with
magma emplacement from a distal source rather than
from local subjacent magma chambers. Sites farther
south where the Nipissing sills are gently folded exhibit
few sill-like patterns. Dyke-like patterns are more com-
mon in this region and appear to reflect the east-west
tectonic grain rather than primary magmatic flow pat-
terns. Buchan, Mortensen, Card and Percival, 1998,
Can. J. Earth Sci. 35: 1054-1069.
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Paleomagnetism in northern Alaska
(and the career of David Symons),
from displaced terranes on the west
coast of North America to the age
dating of base metal ores
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mlewchuk@ou.edu); David LEACH3

(dleach@usgs.gov); Karen KELLEY3

(kdkelley@usgs.gov); David T.A. SYMONS2

(dsymons@uwindsor.ca); Richard D ELMORE1

(delmore@ou.edu); Jamie FOUCHER1

1School of Geology and Geophysics, University of Ok-
lahoma 100 East Boyd Street, Norman, OK 73019,
United States

2Department of Earth Sciences, University of Wind-
sor, Windsor, ON N9B3P4, Canada

3USGS Mineral Deposits Research Unit, Box 25046
Federal Center, Denver, CO 80225, United States

4Casady School, P.O. Box 20390, Oklahoma City, OK
73156, United States

Paleomagnetism of barren and mineralized Paleo-
zoic sedimentary rocks of the Red Dog Zn-Pb deposit
in the Brooks Range Mountains of northern Alaska
isolated several components. Mineralized and bar-
ren rocks with quartz alteration have a steep west-
southwesterly magnetization retained by magnetite
(N=16, D=247, I=73, k=73). Fluid inclusions indicate
that the quartz formed during deep burial and Ar/Ar
dating yielded an age of 126 Ma. Heavily mineralized
rocks plus mineralized shales lacking quartz replace-
ment have a shallower southwesterly magnetization car-
ried by pyrrhotite (N=11, D=220, I=51, k=28). Ge-
ological features and Re/Os dating indicate that the
ore formed in the late Paleozoic. A Mississippian ig-
neous sill (344 Ma, Ar/Ar) in the mine has a south-
west and shallow magnetization carried by magnetite
(1 site). Ultramafic igneous intrusive rocks from Asik
Mountain 100 kms south of Red Dog, have been in-
directly dated at about 150 Ma (K/Ar) and have a
west-southwesterly magnetization carried by magnetite
(N=11, D=255, I=82, k=19). Tectonic models for the
Mesozoic origin of northern Alaska can be grouped into
three categories: 1) contiguous to ancestral of North
America; 2) peri-autochthonous with angular displace-
ments; and, 3) allochthonous terranes accreted to an-
cestral North America. The combination of geologic,
radiometric and paleomagnetic data from Red Dog al-
lows for both testing of the models and paleomag-
netic dating of the Red Dog ores. The data can only
be collectively explained by Mississippian syngenetic
mineralization and pyrrhotite magnetization, Mesozoic
northward translation and counterclockwise rotation of
a displaced terrane (aka “The Alaskan Terrane Wreck”)
and, finally, deep burial resulting in remagnetization of
some of the ores associated with quartz replacement.

GP34A-06 1645h

Saturation Isothermal Remanent
Magnetization Crossover Plots: Case
Study for a Bimodal Population of
Low and High Coercivity Magnetic
Minerals

Erika Szabo1 (+519-253-3000/2502;
eszabo2@uwo.ca)

Maria T. Cioppa2 (+519-253-3000/2502;
mcioppa@uwindsor.ca)

1University of Western Ontario, 1151 Richmond St.,
London, ON N6A 5B7, Canada

2University of Windsor, 401 Sunset Av., Windsor, ON
N9B 3P4, Canada

Saturation isothermal remanent magnetization
(SIRM) crossover plots are a simple way of determin-
ing the identity and domain size of magnetic minerals
in rocks, through the use of SIRM acquisition and de-
magnetization curves and the position of the crossover
point of the curves. About 66% of the Upper Ordovi-
cian Red River carbonate specimens from Manitoba
outcrops show anomalously high crossover points when
the standard methodology is followed i.e. the isother-
mal magnetization intensity values are related to the
values obtained at 900 mT. The source of this problem
is twofold: first, that the carbonates contain a mixture
of magnetite and some amount of hematite influencing
the position of the crossover points; and second, that
the IRM acquisition values were measured up to 2000
mT because of this mixture. For cases where the in-
fluence of the higher coercivity minerals on the IRM
acquisition curves for the lower coercivity minerals
is low, we suggest that the methodology should be
changed slightly. The value of the IRM obtained at
400 mT, equivalent to saturation of magnetite and
pyrrhotite, should be considered a modified SIRM for
the purpose of determining the crossover points. Thus,
the modified crossover points should still be able to
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give (within some degree of error) valuable information
for the domain state of lower coercivity minerals when
mixed in a rock with higher coercivity minerals. Com-
parison of these modified crossover points to crossover
points obtained using the normal methodology for
non-hematite-bearing specimens from the Red River
carbonates in the subsurface shows similar distribu-
tions. We also suggest that if the acquisition curves
are extended to at least 2000 mT, it will be signifi-
cantly easier to identify samples containing a mixed
population of low coercivity (magnetite or pyrrhotite)
and high coercivity minerals (hematite or goethite).

GP41A CC: 220 C-E Thursday
0830h

Climatic and Anthropogenic Changes
to the Environment: Contributions
From Magnetism Posters (joint with
GC, PP)

Presiding: S K Banerjee, University of
Minnesota; F Lagroix, University of
Minnesota

GP41A-01 0830h POSTER

Magnetoclimatological Results From the
Pampean Loess of Argentina

Adry J. Van Velzen1

(velzen@geophysik.uni-muenchen.de)

Juan Carlos Bidegain2 (jcbidegain@way.com.ar)

Ted Evans1,3 (evans@phys.ualberta.ca)
1Department of Earth and Environmental Sciences,

LMU, Theresienstrasse 41, Munich 80333, Germany

2LEMIT-CIC, Calle 52 e/121 y 122, La Plata 1900,
Argentina

3Institute for Geophysical Research, Physics Depart-
ment, University of Alberta, Edmonton, AB T6G
2J1, Canada

Loess deposits in the northern hemisphere have
proved to be excellent magnetoclimatological archives.
Their southern hemisphere counterparts have been
much less intensively investigated. We report results
from a study of Argentinean loess exposed in three se-
quences in the city of La Plata, Buenos Aires Province
that span the last million years. Magnetic suscep-
tibility values span one decade (20-250x10−8m3/kg),
but hysteresis parameters, IRM acquisition and ther-
momagnetic curves all indicate a remarkably uniform
magnetomineralogy dominated by magnetite. Magnetic
susceptibility tends to be higher in loess than in the
inter-bedded paleosols. This favours the wind-vigour
model as opposed to the pattern resulting from pedo-
genesis. However, values of frequency-dependent sus-
ceptibility (F) differ significantly from either model:
at La Plata, F=3.5±1.2% (st.dev.)(n=130), at Kurtak,
Siberia (a wind-dominated site) F=0.8±0.4% (n=340),
and at Luochuan, China (a pedogenically-dominated
site) F=8.3±1.9% (n=111). These differences may
be compositional in that Argentinean loess contains a
large fraction of volcanic material. We are currently
pursuing this suggestion by grain-size and magnetic
separation studies on a ∼100,000yr-old volcanic ash
layer embedded in a typical eastern Argentinean loess
profile. First results indicate that the ash has F values
ranging from 0.8% for the grains smaller than 63 µm
to 2.6% for the 100-140 µm fraction.

GP41A-02 0830h INVITED POSTER

Enviromagnetism - Quo Vadis?

Friedrich Heller1 (411 6332625;
heller@mag.ig.erdw.ethz.ch)

Ramon Egli2 (411 6334053; egli@geod.baug.ethz.ch)

Simo Spassov3 (30 2310 998 534;
simo@lemnos.geo.auth.gr)

1Institute of Geophysics, ETHZ Honggerberg, Zurich
8093, Switzerland

2Institute of Geodesy and Photogrammetry, ETHZ
Honggerberg, Zurich 8093, Switzerland

3Department of Geophysics, Aristotle University of
Thessaloniki, Thessaloniki 54124, Greece

Environmental magnetism is a rapidly growing re-
search field which often is tied technically to paleomag-
netism and rock magnetism investigators. The mag-
netic signals and the refinement of magnetic measure-
ment techniques of environmental materials (e.g. dusts,

soils or other sediments) are in the focus of enviro-
magnetists. For the characterisation of environmen-
tal processes, the magnetic properties are just one of
a variety of proxies such as sedimentological or geo-
chemical signatures. Hence enviromagnetic interpreta-
tion is strengthened by an interdisciplinary proxy ap-
proach, which is necessary to understand the complex
and still poorly known interaction between geological,
physical, chemical, biological and anthropogenic pro-
cesses involved in the production and transport of en-
vironmental materials. This was already recognized
by Gustaf Ising when he interpreted the susceptibil-
ity of varved clays in Sweden. Here we want to fo-
cus on the importance of more open-minded active co-
operation amongst all environmentalists. Cooperation
provides environmagnetists with better tools for inter-
preting their measurements. On the other hand, the
unexpensive, fast and non-destructive characterization
of environmental materials using magnetic methods of-
fers a unique possibility of monitoring natural and an-
thropogenic processes for a broad range of disciplines.
We plan to review the present state of enviromagnetism
using a few examples from different environments. We
will illustrate with a case study how forces amongst
environmentalists could be joined better when dealing
with problems of urban pollution.

GP41A-03 0830h INVITED POSTER

Environmental Application of
Sedimentary Magnetic Measurements:
Successes and Problems

Leonardo Sagnotti (39 0651860321;
sagnotti@ingv.it)

Istituto Nazionale di Geofisica e Vulcanologia, Via di
Vigna Murata 605, Roma 00143, Italy

Environmental changes affect sedimentary basins,
inducing either clear (i.e. stratigraphic cycles) or sub-
tle oscillations in sedimentary sequences. The study
of past environmental changes requires determination
of reliable and sensitive proxies in sedimentary se-
quences at an appropriate resolution. Magnetic par-
ticles in sediments may be promptly detected, and
semi-quantitatively characterized, with non-destructive
magnetic measurements in specialized laboratories,
taking advantages of progressive developments in in-
strumental technology and analytical protocols. Envi-
ronmental magnetism developed as a viable and orig-
inal approach to the study of present anthropogenic
pollution as well as of past environmental changes. De-
tailed analyses of stratigraphic trends in composition,
abundance, grain-size and shape of magnetic particles
in sedimentary sequences were often successful in re-
vealing climatically driven signals at a wide range of
time scales and in pointing out analogies and differ-
ences in the response of various sedimentary basins to
past climatic and tectonic events. Some selected ex-
amples will be discussed in this talk. Diagenesis, how-
ever, is also liable to induce significant changes in the
magnetic mineralogy of sediments, compromising the
evaluation of original magnetic signatures. Bacteri-
ally mediated synthesis of new magnetic phases as well
as oxidation or reductive dissolution of iron in marine
sediments are widespread phenomena that needs to be
properly addressed in environmental magnetic studies.
In this talk, I will provide a personal perspective on
the challenges facing applications of sedimentary mag-
netic measurements to reconstructions of past climatic
changes and on the broad problems related to diage-
netic effects in sedimentary sequences.

GP41A-04 0830h POSTER

Magnetic Properties as an Assessment
Tool for the Distribution and Fate of
Heavy Metals in Estuarine-like
Environments. The Study Case of the
Galician Rias (NW Spain)

Daniel Rey1 (+34 986 812004; danirey@uvigo.es)

Kais Mohamed1 (+34 986 812004;
kmohamed@uvigo.es)

Belen Rubio1 (+34 986 812003; brubio@uvigo.es)

Ana Bernabeu1 (+34 986 812004;
bernabeu@uvigo.es)

Federico Vilas1 (+34 986 812654; fvilas@uvigo.es)
1Dept. Geociencias Marinas, Universidad de Vigo,

Vigo 36200, Spain

Magnetic properties are successfully used to assess
the heavy-metal adsorption capabilities of coastal sed-
iments in NW Spain. A double approach using ge-
ographically and vertically distributed data provides
a valuable insight into the response and evolution of
coastal systems under increasing anthropogenic pres-
sure, and a critical information for environmental man-
agement of these areas. The study is based in measure-
ment of low-field susceptibility of over 200 samples of
from the top 10 cm of seabed sediment of the Rias of
Vigo and Pontevedra in NW Spain (1 per square km).

The basic pattern showed a significant increase of sus-
ceptibility towards the open sea and away from pol-
luted continental influenced areas, mostly controlled by
sediment texture, provenance and local hydrodynamic
regime. Vertical variability of the susceptibility was
also studied in 80 samples (1 every 3 cm) obtained from
three 60 to 80 cm long gravity corers in the Ŕıa de
Pontevedra. This showed a very strong decrease in sus-
ceptibility with depth related to the early diagenetic
evolution of iron oxides and oxyhydroxides. Further
analysis comprised measurement of basic hysteresis pa-
rameters, ARM, IRM, temperature and frequency de-
pendence of the susceptibility, sediment texture, anal-
ysis of major and trace elements, SEM and TEM inves-
tigation of the magnetic fraction. Statistical analysis
of all the available data showed a significant negative
correlation between elemental contaminants and mag-
netic susceptibility, ultimately controlled by wave cli-
mate that strongly drives the sediment distribution and
their early diagenetic path. This work underlines the
capabilities of magnetic properties to identify and as-
sess coastal processes conditioning the biodisponibility
of certain heavy metals, particularly in areas in which
there is a significant coupling between the hydrody-
namic and geochemical processes. Special considera-
tion will be given to the dissolution and nucleation of
relevant magnetomineralogical phases during the early
stages of diagenesis.

GP41A-05 0830h POSTER

Rapid In-situ Measurement of Magnetic
Susceptibility in Unconsolidated Lake
Sediments

C. T. Clark1 (clarkc3@mcmaster.ca)

J. I. Boyce1 (boycej@mcmaster.ca)
1McMaster University, 1280 Main St. W., Hamilton,

ON L8S 4K1, Canada

Magnetic susceptibility measurements can provide a
useful indicator of anthropogenic effects in lake basins,
including the onset of land clearance, forest fires, soil
erosion and as a proxy for estimating contaminant lev-
els in sediment. Susceptibility is commonly measured
on whole or split cores, or on core sub-samples, but cor-
ing can be expensive and time consuming where a large
number of profiles are required to correlate and map
sediment volumes. Post- sampling mineralogic changes
in cores are also a potential concern. An alternate ap-
proach investigated in this study is to obtain near con-
tinuous in-situ measurements of sediment volume sus-
ceptibility (k) using a probe driven into the lake bot-
tom. An inexpensive proto-type probe was constructed
using a Bartington MS2-F sensor mounted in water-
proof housing with an extendable 10 m handle. Sev-
eral calibration runs were made in a laboratory test
column to determine the probe response characteris-
tics and repeatability. Testing showed that the ef-
fective sensing volume is a 0.8 cm radius around the
probe tip and that edge effects from sensor shoulders
are negligible. The probe was then used to measure
the thickness and distribution of a post-colonial sed-
iment layer in a shallow coastal lagoon (Frenchman’s
Bay) in western Lake Ontario. Volume susceptibility
profiles were collected at 40 locations by driving the
probe up to 2.5 m into the lagoon bottom sediments
at 2 cm measurement intervals. The in-situ volume
susceptibility profiles were then compared with volume
and bulk susceptibility measurements obtained on 10
vibracores extracted from the lagoon. The probe mea-
surements showed comparable resolution to the core-
derived data and closely paralleled the core suscepti-
bility curves. The base of the post-colonial sediment
layer was identified by an abrupt increase in magnetic
susceptibility at 0.5-1.5 m depth. The marker horizon
was correlated across the lagoon and the thickness and
volume of the anthropogenic layer was estimated. The
results demonstrate that in-situ susceptibility measure-
ments using a sediment probe can provide a rapid and
highly repeatable method for correlating shallow strati-
graphic boundaries within unconsolidated lake bottom
sediments.


