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The ani so tropy of mag netic sus cep ti bil ity is used as a geo phys i cal method, based on the non-uni form mag netic prop er ties of
rocks, within which it ex ploits the in di vid ual types of min er als, their quan tity, and dis tri bu tion in the rocks. The ani so tropy of
min er als may be a re sult of their crys tal line struc ture or the shape of min eral grains. If the ani so tropy is con nected to the
shape of the min er als, as in the case of mag ne tite, the axis of max i mum mag netic sus cep ti bil ity is per pen dic u lar to the grain
long axis. This in di rectly al lows de ter mi na tion of grain ori en ta tion in the rocks stud ied. There fore, this method can be used to
re con struct the di rec tions of trans port of rock com po nents, such as in loess, flu vial or ice-dammed sed i ments, and to de ter -
mine the di rec tions of ice-sheet move ment based on gla cial till stud ies. The method is also used in tec tonic stress re con -
struc tion, com ple ment ing the re sults of palaeomagnetic dat ing or the log ging of bore hole cores. The rapid, in ex pen sive
mea sure ment of ani so tropy of mag netic sus cep ti bil ity along with low hu man er ror in mea sure ment has made this method
com pet i tive with tra di tional re search meth ods.
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INTRODUCTION

The ani so tropy of mag netic sus cep ti bil ity (AMS) method is a
geo phys i cal one that re lies on the use of the non-uni form mag -
netic prop er ties of the rocks and min er als be ing ana lysed. It has
been known for over 80 years and has found many ap pli ca tions
in geo log i cal re search, in clud ing the study of Qua ter nary de pos -
its. The AMS method has been used for such pur poses as to re -
con struct the di rec tions of trans port of rock ma te rial in aquatic
en vi ron ments (e.g., ice-dammed sed i ments) or ae olian en vi ron -
ments (e.g., loess), the di rec tions of ice-sheet move ment us ing
gla cial tills, to re con struct the di rec tions of tec tonic stress act ing
on rocks, and to com ple ment data ob tained from palaeo ma -
gnetic dat ing or to in di cate en vi ron men tal thre sh olds. De spite
cer tain meth od olog i cal lim i ta tions, this method has be come
com pet i tive with the tra di tional meth ods used in these ar eas in
many cases. The at trib utes of this method in clude low cost, the
ease and speed of mea sure ment, as well as a re duc tion in hu -
man er ror through au to ma tion of the mea sure ments.

This pa per re views the the o ret i cal as sump tions of the AMS
method and se lected ap pli ca tions of this method in the study of

Qua ter nary de pos its, re flect ing its ever greater use among
Qua ter nary re search ers.

THEORETICAL ASSUMPTIONS 
OF THE METHOD

 MAGNETIC SUSCEPTIBILITY

All sub stances oc cur ring in na ture re act to an ex ter nal mag -
netic field, pro duc ing a mag ne ti za tion J in them, which can be
de scribed by the for mula:

J = cc × H

where: c – mag netic sus cep ti bil ity; H – the value of the ex ter nal

mag netic field act ing on a given sub stance (But ler, 1992).

Sub stances, in clud ing rocks, re act dif fer ently to an ap plied
ex ter nal mag netic field and there fore have dif fer ent mag netic
sus cep ti bil i ties, which can be de scribed by trans form ing the
above for mula:

c =
J

H

This pa per is a part of Cli mate and en vi ron men tal changes
re corded in loess cov ers (eds. Maria £anczont, Przemys³aw
Mroczek and Wojciech Granoszewski)
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Based on this for mula, we can con clude that mag netic sus -
cep ti bil ity is the pro por tion al ity co ef fi cient be tween J and H and
de ter mines the abil ity of the sub stance ana lysed to mag ne tize
in a given ex ter nal mag netic field.

Due to their “re ac tion” to an ex ter nal mag netic field, sub -
stances can be di vided into three main groups: dia mag netic,
para mag netic and fer ro mag netic (Collinson, 1983; But ler,
1992; Dunlop and Özdemir, 1997; Ev ans and Heller, 2003;
Tauxe, 2005; Liu et al., 2012). As a re sult of the ac tion of an ex -
ter nal mag netic field, dia mag netic sub stances ac quire weak
mag ne ti za tion op po site to the given field. This mag ne ti za tion
dis ap pears with the re moval of the mag netic field from the sam -
ple. The mag netic sus cep ti bil ity for these sub stances takes low
neg a tive val ues. Ex am ples of typ i cal min er als clas si fied as dia -
mag netic are quartz and cal cite. An ex ter nal mag netic field in
para mag netic sub stances gen er ates mag ne ti za tion con sis tent
with the di rec tion of the ap plied field and dis ap pears with the
ces sa tion of this field. The mag netic sus cep ti bil ity of para mag -
netic min er als is low but greater than zero. Ex am ples of para -
mag netic min er als are py rox enes, hornblende, ol iv ine, bi o tite
and mus co vite. As a re sult of the ac tion of an ex ter nal mag netic
field in fer ro mag netic sub stances, strong mag ne ti za tion is cre -
ated in the di rec tion con sis tent with the given field. Af ter re mov -
ing the mag netic field, their mag ne ti za tion does not drop to
zero, which we call remanent mag ne ti za tion. The mag netic
sus cep ti bil ity of fer ro mag netic sub stances is pos i tive and much
higher than that of the two pre vi ous types of sub stances. Ex am -
ples of fer ro mag netic min er als are mag ne tite, he ma tite, pyrrho -
tite, maghemite, goethite and greigite.

The mag netic sus cep ti bil ity of rocks de pends on the sum of
the sus cep ti bil ity of all min er als in the rock, and in par tic u lar on
the type, quan tity and size of fer ro mag netic min er als. The sus -
cep ti bil ity of rocks with val ues above 5 x 10–3 SI is con trolled
only by mag ne tite, while the sus cep ti bil ity with val ues be low 5 x
10–4 SI is con trolled by para mag netic min er als (Hrouda, 2007).
The dom i nant in flu ence of a par tic u lar type of min eral on mag -
netic sus cep ti bil ity does not nec es sar ily af fect the source of
mag netic sus cep ti bil ity ani so tropy.

ANISOTROPY OF MAGNETIC 
SUSCEPTIBILITY

Most sub stances oc cur ring in na ture have an inhomo ge -
neous shape or in ter nal struc ture. This also ap plies to min er als
and the rocks that they build, and also af fects the mag netic
prop er ties of these sub stances.

The abil ity to mag ne tize a mag net i cally anisotropic sub -
stance de pends on the plane in which an ex ter nal mag netic
field acts:

M1 = k11H1 + k12H2 + k13H3

M2 = k21H1 + k22H2 + k23H3

M3 = k31H1 + k32H2 + k33H3

where: Mi (i = 1, 2, 3) - com po nents of the mag ne ti za tion vec tor (in
the Car te sian co or di nate sys tem); Hj (j = 1, 2, 3) – com po nents of the 
ap plied ex ter nal mag netic field; kij (kij = kij) – con stants rep re sent ing
the com po nents of the sec ond-rank ten sor called the sus cep ti bil ity

ten sor (Hrouda, 1982).

In the Car te sian co or di nate sys tem, the non-di ag o nal com -
po nents of the sus cep ti bil ity ten sor are zero. There fore, we can
write the above equa tions in the form:

M1 = k11H1

M2 = k22H2

M3 = k33H3

where: k11, k22, k33 – the prin ci pal sus cep ti bil i ties re spec tively
termed the max i mum (kmax), in ter me di ate (kint) and min i mum sus -

cep ti bil ity (kmin).

The ten sor of mag netic sus cep ti bil ity ani so tropy can be
graph i cally rep re sented by an el lip soid based on three mu tu ally
per pen dic u lar prin ci pal axes cor re spond ing to the val ues of
kmax, kint and kmin (Fig. 1). Based on mag netic sus cep ti bil ity mea -
sure ments in dif fer ent planes, it is pos si ble to cal cu late the
length, di rec tion, dec li na tion and in cli na tion that de ter mine the
po si tion of the prin ci pal mag netic sus cep ti bil ity axes in three-di -
men sional space (Jelínek, 1977). In ad di tion to the prin ci pal
sus cep ti bil ity axes, a se ries of pa ram e ters de scrib ing sus cep ti -
bil ity and sus cep ti bil ity ani so tropy are de ter mined, such as
mean mag netic sus cep ti bil ity Km = (kmax + kint + kmin)/3, mag netic
lineation L = kmax/kint, mag netic fo li a tion F = kint/kmin, cor rected

de gree of ani so tropy [Pj = (kmax/kmin)
a where: a T= +( / )1 32 ]

and shape pa ram e ter [T = (2h2 – h1 – h3)/(h1 – h3), where h1 = 

ln kmax, h2 = ln kint, h3 = ln kmin] (Jelínek, 1981; Hrouda, 1982).

AMS VERSUS MINERALS

Ani so tropy of mag netic sus cep ti bil ity (AMS) de pends on the 
type of min er als that make up the rocks and their dis tri bu tion in
the rock. The mag netic ani so tropy of min er als can re sult from
the shape of the min er als or their crys tal lo graphic struc ture
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Fig. 1. Mag netic sus cep ti bil ity el lip soid with ori en ta tion 
of the prin ci pal mag netic sus cep ti bil ity axes (kmax, kint, kint)
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(Hrouda, 1982; But ler, 1992; Rochette et al., 1992; Tauxe,
2005; Borradaile and Jack son, 2010; Biedermann, 2018).

The AMS re sult ing from the crys tal line struc ture of min er als
is called magnetocrystalline ani so tropy (But ler, 1992; Tauxe,
2005). The AMS axis ori en ta tions are re lated to the crys tal
struc ture and sym me try, the iron con tent in in di vid ual min er als,
and the de gree of ox i da tion. In this type of ani so tropy, mag ne ti -
za tion M is more eas ily ob tained in cer tain spe cific crys tal lo -
graphic di rec tions (a, b, or c) due to low magnetocrystalline en -
ergy val ues. There fore, mag netic sus cep ti bil ity k in dif fer ent
crys tal lo graphic di rec tions is dif fer ent. Magnetocrystalline ani -
so tropy is char ac ter is tic of dia mag netic (quartz, car bon ates),
para mag netic (sil i cates), and some fer ro mag netic min er als
(he ma tite, pyrrhotite) (Borradaile and Jack son, 2010; Biede -
rmann, 2018).

For pure dia mag netic min er als such as trigonal quartz or
cal cite, a spe cific “in verse” mag netic fab ric oc curs. The sit u a -
tion is of ten ob served where the “lon gest” sus cep ti bil ity axis is
par al lel to the elon ga tion of the crys tal. Be cause dia mag netic
min er als have neg a tive sus cep ti bil ity, the “lon gest” axis is the

axis of least sus cep ti bil ity, i.e., kmin. This means that the kmin axis 
is par al lel to the elon ga tion of crys tals (crys tal lo graphic axis c)
(Borradaile and Jack son, 2010; Fig. 2A). This can cause some
prob lems in in ter pret ing mag netic fab ric. How ever, the AMS of
rocks re sult ing from the pres ence of dia mag netic min er als is
rare. A spe cific “in verse” mag netic fab ric oc curs for car bon ate
min er als with low iron con tent (<1000 ppm). Dia mag netic car -
bon ate min er als with high iron con tent have kmax par al lel to the
crys tal lo graphic axis c (Biedermann, 2018). 

For para mag netic min er als with high sym me try (e.g., cu bic,
tetragonal, orthorhombic), the AMS axes co in cide with the crys -
tal lo graphic axes a, b, c of the min er als (Borradaile and Jack -
son, 2010; Biedermann, 2018). Nesosilicates (e.g., ortho rho -
mbic ol iv ine) are an ex am ple of such min er als (Fig. 2B). Many
re search ers state that the kmax axis is par al lel to the c axis, the
kint and kmin axes are par al lel to the other crys tal lo graphic axes,
and their po si tion rel a tive to the crys tal axes de pends on the
iron con tent. The AMS el lip soid of ol iv ine changes from prolate
to more ob late with in creas ing iron con tent. Due to their high
sym me try, orthopyroxenes are also char ac ter ized by AMS axes 
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par al lel to the crys tal lo graphic axes (Fig. 2B); how ever, var i ous
au thors state dif fer ent re la tion ship be tween in di vid ual sus cep ti -
bil ity and crys tal lo graphic axis. The AMS el lip soid is rather
prolate.

How ever, most para mag netic min er als that make up rocks
are monoclinic or triclinic. In such cases, the crys tal lo graphic axis 
ori en ta tions dif fer some what from the AMS axis ori en ta tions
(Borradaile and Jack son, 2010; Biedermann, 2018). Most clino -
pyroxenes (inosilicates) have kint par al lel to the b axis, and the
other axes are lo cated in the plane formed by the a and c axes.
For ex am ple, in di op side, the kmax axis is set at an an gle of 45° to
the c axis (Fig. 2B). The AMS el lip soid of clinopyroxenes takes a
var ied shape. How ever, for micas, chlorites, and clay min er als,
the kmin axis is al most per pen dic u lar to the basal plane c, and in
the basal plane, ani so tropy is prac ti cally im per cep ti ble; if it oc -
curs, the AMS axes may not per fectly co in cide with crys tal lo -
graphic axes (Fig. 2B). They have an ob late mag netic fab ric. 

Due to dif fer ences in AMS axis ori en ta tions and crys tal lo -
graphic axis ori en ta tions, even per fectly ori ented para mag netic
min er als can cre ate im per fectly ori ented AMS. This can also
lead to a sit u a tion where a de sired AMS re sult ing from the ar -
range ment of min eral grains (see mag ne tite) is ob scured by
magnetocrystalline ani so tropy of para mag netic min er als. On
the other hand, for min er als that form elon gated and platy
grains, as pre vi ously noted, the kmax axis can be par al lel to the
elon ga tion of grains. This is also cor rob o rated by AMS stud ies
in clay rocks where mag netic lineations have been ob served.
Clay min er als that break along the basal plane can align par al lel 
to the stretch ing di rec tion in rocks (Parés and van der Plujim,
2002; Ciffeli et al., 2005, 2009).

He ma tite, hemo-il men ite, and pyrrhotite, which are fer ro -
mag netic min er als, have magnetocrystalline ani so tropy with
kmin per pen dic u lar to the basal plane (Borradaile and Jack son,
2010; Biedermann, 2018; Fig. 2C). In some cases, pyrrhotite
has ani so tropy re sult ing from its shape.

In AMS re sult ing from the shape of min eral grains, the sus -
cep ti bil ity is high est in the di rec tion of elon ga tion of the min eral
grain be cause mag ne ti za tion is most eas ily ob tained in this di -
rec tion due to the low est value of mag neto stat ic en ergy (But ler,
1992; Tauxe, 2005). If the ani so tropy re sults from the shape of
min eral grains, as is the case with mag ne tite, then the max i -
mum mag netic sus cep ti bil ity axis is par al lel to the lon gest axis
of the min eral grain (Fig. 2C). In this case, the AMS in di rectly
shows the ar range ment of mag netic min eral grains in the rock,
which can be used to re con struct di rec tions of trans port of rock
ma te rial in dif fer ent geo log i cal en vi ron ments, di rec tions of mag -
ma flow or di rec tions of tec tonic stress. Large multi-do main
(MD) mag ne tite grains are char ac ter ized by kmax par al lel to the
lon gest axis of the grain, while fine sin gle-do main (SD) mag ne -
tite grains have an in verse mag netic fab ric, where the kmin axis
is par al lel to the lon gest axis of the min eral grain (Hrouda and
Ježek, 2016; Èerný et al., 2020).

Dia-, para-, and fer ro mag netic min er als of ten con tain in clu -
sions and im pu ri ties of other min er als or min eral phases that
can sig nif i cantly af fect the mag netic prop er ties of in di vid ual
min er als.

In geo log i cal re search, there are cases where the AMS ob -
tained may come from dif fer ent groups of min er als. For ex am -
ple, in clay rocks, the ani so tropy re sult ing from the ar range ment 
of para mag netic min er als may ob scure the ani so tropy of fer ro -
mag netic min er als (mag ne tite), which can com pli cate proper
geo log i cal in ter pre ta tion. Dif fi cul ties in in ter pre ta tion can also
arise from the pres ence of SD mag ne tite in sam ples, which may 
be re spon si ble for in verse mag netic fab ric. To dis tin guish AMS
re sult ing from the ar range ment of para mag netic min er als from
those re sult ing from the ar range ment of fer ro mag netic min er als 

or to iden tify in verse mag netic fab ric, we can use meth ods
based on the ani so tropy of mag netic res i dues – anhysteretic
(AARM) and iso ther mal (AIRM) remanent mag ne ti za tion
(Borra daile and Henry, 1997; Borradaile and Jack son, 2010;
Almqvist et al., 2012; Schöbel et al., 2013).

MAGNETIC FABRIC VERSUS ROCK FABRIC

Based on the pa ram e ter T de scrib ing the shape of the ani -
so tropy el lip soid, we can dis tin guish four types of mag netic fab -
ric oc cur ring in rocks (Fig. 3). The first of these oc curs when T >
0 and is close to 1. This in di cates that mag netic fo li a tion F is sig -
nif i cantly more prev a lent than the mag netic lineation L in the re -
sult ing fab ric (But ler, 1992; Tauxe, 2005). This type of ani so -
tropy is called ob late mag netic fab ric and is as so ci ated with the
oc cur rence of pref er en tially ori ented platy min er als such as clay 
min er als or min er als from the mica group, which also cre ate a
mac ro scopic fo li a tion in rocks. Elon gated mag ne tite grains, for
ex am ple, ar ranged in the plane of fo li a tion can also cre ate fo li -
ated AMS. An ani so tropy in which fo li a tion is clearly dom i nant is 
char ac ter ized by a scat tered ori en ta tion of the kmax and kint axes
in the plane of fo li a tion and well-ori ented kmin axes per pen dic u -
lar to the plane of fo li a tion (kmax × kint > kmin). The sec ond type of
the ani so tropy oc curs when T < 0 and is close to –1. In this
case, L clearly dom i nates over F, and this ani so tropy is called
prolate mag netic fab ric. This ani so tropy is as so ci ated with the
pre ferred ori en ta tion of elon gated min er als, which also cre ate a
mac ro scop i cally vis i ble lineation. This type of ani so tropy is ex -
pressed by well-ori ented kmax axes and scat tered ori en ta tion of
the re main ing axes in the plane per pen dic u lar to the max i mum
axis (kmax > kint × kmin). Triaxial mag netic fab ric oc curs when the
val ues of the T pa ram e ter are pos i tive or neg a tive, but close to
0. The prin ci pal axes of mag netic sus cep ti bil ity are well-ori ented 
on the ste reo graphic pro jec tion in three groups (kmax > kint >
kmin). In rocks where there is no mag netic ani so tropy, iso tro pic
mag netic fab ric oc curs. In this case, the ani so tropy el lip soid is a
sphere, and the sus cep ti bil ity axes are ran domly dis trib uted on
the pro jec tion (kmax × kint × kmin). This means that the min er als
con sti tut ing the rocks do not ex hibit any pre ferred ori en ta tion.

To de ter mine whether the ori en ta tion of AMS axes is con sis -
tent with the rock fab ric, the ori en ta tion of the prin ci pal sus cep ti -
bil ity axes is com pared with rock fab ric el e ments vis i ble mac ro -
scop i cally, such as mea sure ments of the ori en ta tion of long peb -
ble axes, ori en ta tion of sand grains in thin sec tions, sed i men tary
struc tures or ori en ta tion of tec tonic struc tures, etc. (see be low).
The re sults of AMS are also com pared with more ad vanced re -
search meth ods that al low de ter min ing the pre ferred crys tal lo -
graphic ori en ta tion of min er als, such as X-ray pole fig ure gonio -
metry or neu tron tex ture goniometry. A cor re la tion has been ob -
served be tween the ori en ta tion of phyllosilicate and AMS fab ric
re sult ing from the ar range ment of para mag netic min er als (Lüne -
burg et al., 1999; Parés and van der Pluijm, 2003; Chadima et al., 
2004; Cifelli et al., 2009; Kuehn et al., 2019). Sim i lar i ties be tween 
the min eral fab ric and mag netic fab ric have also been ob served
in am phi bole-bear ing rocks (Biedermann et al., 2018) and car -
bon ate rocks (Schmidt et al., 2009). This shows that AMS can be
used to de ter mine rock fab ric.

TYPE OF AMS SAMPLES AND SAMPLING METHOD

Sam ples for AMS anal y sis should be taken from unwea -
thered sed i ments and rocks. Three types of sam ple are used in
AMS stud ies. The first are cy lin dri cal sam ples with a stan dard
di am e ter of 2.54 cm and a height of 2 cm. This kind of sam ple is
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ob tained from lithified rocks such as lime stone or ba salt or
unlithified sed i ments such as loess, tills, or clays. Cu bic sam -
ples with di men sions of 2 x 2 x 2 cm are also used, which are
most of ten cut from rock blocks. Plas tic boxes with a shape sim -
i lar to a cube are also pre pared to col lect sam ples from bore -
hole cores (e.g., in lake sed i ments) (Rosenbaum et al., 2000;
Liu et al., 2001; Yang et al., 2019) or soft sed i ments col lected
from ex po sures (Gentoso et al., 2012; Ankerstjerne et al., 2015; 
Ives, 2016).

The AMS sam ples in the forms men tioned above can be
taken di rectly from a pre vi ously cleaned ex posed wall. A va ri ety
of tube sam plers (Nawrocki, 2006; Teodorski et al., 2021) made 
of brass, for ex am ple, are used to col lect sed i ment cores. The
cores ob tained can be hard ened with so dium sil i cate be fore be -
ing cut to the stan dard AMS sam ple size. Cores may be sam -
pled from solid rocks us ing me chan i cal cor ing drills (Cifelli et al., 
2004; Flem ing et al., 2013a; Caricchi et al., 2016). Sam ples of
poorly lithified rocks and de pos its can also be taken in the form
of blocks, which are op tion ally sta bi lized with so dium sil i cate
(Maffione et al., 2012; Flem ing et al., 2013b; Brádak et al.,
2018b). Hard en ing may be achieved by sta bi liz ing the de sired
sed i ments or rocks in the ex posed wall (Anastasio et al., 2021).

This ap plies mainly to de pos its char ac ter ized by sig nif i cant po -
ros ity be cause pen e tra tion and so lid i fi ca tion of so dium sil i cate
take less time. For clays, Kubiena cans can be used (Thoma -
son and Iverson, 2009; Hopkins et al., 2016), and then the
blocks ob tained can be sat u rated with so dium sil i cate in the lab -
o ra tory. Next, stan dard-sized AMS sam ples are cut from the re -
sult ing block. For lithified rocks, man ual blocks can be taken,
from which in di vid ual AMS sam ples are cut in a lab o ra tory. The
AMS sam ples must be ori ented rel a tive to the three-di men -
sional co or di nate sys tem and north us ing a com pass. Ad di tion -
ally, the strike and dip of the rock lay ers from which the sam ples
were taken can be mea sured for tec tonic cor rec tion.

SELECTED HISTORICAL USES 
OF THE AMS METHOD IN SEDIMENTARY

RESEARCH

The first de scrip tion of mag netic sus cep ti bil ity ani so tropy
co mes from the work of Swed ish re searcher Gustaf Ising
(1942), who stud ied Swed ish varved clays. He found that the
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mag netic sus cep ti bil ity mea sured par al lel to the lam i na tion of
the clays is greater than that mea sured per pen dic u lar to the
lam i na tion, which is ev i dence of the anisotropic struc ture of
rocks and the min er als that are ac ti vated in the ap plied field.

Af ter World War II, nu mer ous lab o ra tory stud ies were con -
ducted to un der stand the depositional mech a nisms re spon si ble 
for a given type of AMS. King (1955) con ducted lab o ra tory work
that in volved de ter min ing fac tors af fect ing the ori en ta tion of
mag netic min eral grains other than those as so ci ated with the
Earth’s mag netic field. The stud ies were car ried out us ing a wa -
ter tank in which sus pen sions of silt from Swed ish varved clays
were de pos ited in a mag netic field gen er ated by mag netic coils. 
King (1955) found that in ad di tion to the Earth’s mag netic field,
other fac tors af fect ing the ar range ment of min eral grains, and
thus the in ter preted di rec tions of mag ne ti za tion, are the an gle
of in cli na tion of the sur face on which sed i ments are de pos ited
and the pos si ble pres ence of wa ter cur rents.

In con nec tion with the con clu sions drawn from King’s
(1955) ex per i ments, re search ers be gan to search for a method
that could help iden tify me chan i cal fac tors af fect ing the ar -
range ment of min eral grains. Nu mer ous lab o ra tory stud ies
were con ducted by Rees (1961). He ex am ined the in flu ence of
wa ter cur rents act ing dur ing sed i ment de po si tion on the re cord
of mag ne ti za tion di rec tions in the sed i men tary lay ers. Once
again, silts from Swed ish varved clays were ana lysed. He found 
that in many cases the mag ne ti za tion vec tor lies in the same di -
rec tion as the max i mum sus cep ti bil ity axis be cause mag netic
grains are most eas ily mag ne tized in the di rec tion of their great -
est elon ga tion (Rees, 1961). He sug gested that based on the
ar range ment of the max i mum mag netic sus cep ti bil ity axis, it is
pos si ble to cor rect the mag ne ti za tion di rec tions ob tained in
sed i ments de pos ited from wa ter cur rents. The re sults of his lab -
o ra tory ex per i ments were trans ferred to stud ies of sed i ments
de pos ited in na ture. He con ducted re search on varved clay
sam ples from the Stock holm area. By ex am in ing the nat u ral
remanent mag ne ti za tion (NRM) of the clays, he found that the
mag ne ti za tion vec tor ob tained for the same age varves, in di -
cated by lo cal varvochronology, was dif fer ent at two dif fer ent
sites. Be cause the varves stud ied were syn chro nous this phe -
nom e non could not be ex plained by an ex cur sion of the Earth’s
mag netic field pole. Ac cord ing to Rees (1961), wa ter cur rents
with dif fer ent di rec tions that af fected the ar range ment of de pos -
ited min eral grains had an im pact on the dif fer ent mag ne ti za tion 
di rec tions ob tained. This was dem on strated by not ing the di -
verse ori en ta tions of the kmax in con tem po ra ne ous varves and
the ori en ta tions of land forms in di cat ing the di rec tion of wa ter in -
flow into the ba sin (Rees, 1964). Rees (1965) con ducted fur ther 
re search on con tem po rary beach sed i ments from Scripps Be -
ach and Plio cene het er o ge neous de pos its (from clay to gravel)
from Santa Paula Creek in Cal i for nia. In beach sands, he found
that the ori en ta tion of kmax is iden ti cal to that of lon ger min eral
grain axis. In the Plio cene de pos its, he noted that the kmax ori en -
ta tion in di cates a sim i lar di rec tion of wa ter cur rents as de ter -
mined from ori en ta tions of cross-bed ding, shell frag ments and
sole mark ings. His re search showed that the AMS method can
be an al ter na tive to tra di tional mac ro scopic and mi cro scopic
meth ods for de ter min ing di rec tions of rock ma te rial trans port
(Rees, 1965). Rees (1966) also con ducted lab o ra tory re search
on the in flu ence of de po si tion on the ar range ment of min eral
grains and AMS. Again, he con ducted re search on sands from
Scripps Beach. The re search showed that mag netic fo li a tion
planes are in clined in the same di rec tion as the bed on which
the sed i ments were de pos ited, but with a smaller in cli na tion.

With in creas ing sub strate in cli na tion (£25°), the de gree of kmax

ori en ta tion (mag netic lineation con sis tent with sub strate in cli na -
tion di rec tion) and the de gree of grain ori en ta tion ob served in
thin sec tions in crease; that is, in ad di tion to fo li a tion, we have an 
in creas ing share of lineation. Rees (1966) noted that sed i ments 
de pos ited on a steep slope char ac ter ized by a more pro -
nounced mag netic lineation may be con fused with sed i ments
de pos ited through the in volve ment of wa ter cur rents. The lin ear
ar range ment of grains may be re lated to sed i ment move ment
down the slope (Rees, 1966).

In the early 1960s, the first work on the use of AMS in gla cial 
till stud ies was also car ried out (Fuller, 1962) on tills from
Barrington chalk pit (Cam bridge, Eng land). He was the first to
state that AMS can be used to de ter mine the ar range ment of
mag netic min er als in gla cial tills. He showed that the axis of
max i mum mag netic sus cep ti bil ity is par al lel to the ar range ment
of the lon ger axis of peb bles as well as sand grains. Based on
these ob ser va tions, he con cluded that the AMS method can be
used to de ter mine the di rec tions of ice-sheet move ment.

The AMS method in loess has a briefer ap pli ca tion com -
pared to other geo log i cal ma te ri als. This is be cause it was more 
dif fi cult to de velop a proper method for sam pling poorly con sol i -
dated de pos its such as loess. The first pub li ca tions on this sub -
ject be gan to ap pear in the 1980s. One of them was by Liu et al.
(1988), de scrib ing re search at a site near the Chi nese town of
Xifeng. Orig i nally de pos ited loess, re de pos ited al lu vial sed i -
ments from loess, and red clays un der ly ing loess were stud ied.
The au thors char ac ter ized mag netic fab rics in the loess stud ied 
for which ani so tropy re sult ing from fo li a tion is typ i cal. The axis
of min i mum sus cep ti bil ity is per pen dic u lar to the sur face on
which the loess was de pos ited, with a de vi a tion from the ver ti cal 
of <15°. They also found that a pri mary mag netic fab ric char ac -
ter is tic for the loess stud ied also oc curs in palaeosols. How -
ever, the val ues of mag netic ani so tropy are slightly lower for
paleo sols than for loess, de spite the pres ence of he ma tite –
which is char ac ter ized by strong magnetocrystalline ani so tropy
– in palaeosols. Based on mag netic fab rics and other mag netic
prop er ties, it was pos si ble to dis tin guish loess from al lu vial de -
pos its and also to de ter mine that the red clays un der ly ing loess
have an aeolian gen e sis, which was cor rob o rated by ad di tional
mac ro scopic stud ies.

EXAMPLES OF APPLICATION OF AMS METHOD 
IN STUDIES OF QUATERNARY DEPOSITS

LOESS

Based on the type of mag netic fab ric in loess, sev eral
depositional or post-depositional pro cesses can be de ter mined
(Bradák-Hayashi et al., 2016; Bradák et al., 2020):

– Mag netic fab rics char ac ter ized by scat tered kmax and kint

along the hor i zon tal plane and well-ori ented ver ti cal kmin

which are de pos ited mainly through grav i ta tional forces
(Tarling and Hrouda, 1993; Hus, 2003; Baas et al., 2007;
Wang and Lrvlie, 2010);

– Mag netic fab rics with well-ori ented prin ci pal axes of mag -
netic sus cep ti bil ity in ae olian de pos its, where the ori en ta tion 
of the kmax and/or imbrication of  kmin axes in di cates the di -
rec tion of ae olian ma te rial trans port (e.g., Ge et al., 2014;
Zeeden et al., 2015; Obersteinová, 2016; Xie et al., 2016;
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Nawrocki et al., 2019); the imbrication of the kmin axis usu -
ally does not ex ceed 20°; with strong winds, the kmax axis
may be ori ented per pen dic u lar to the wind di rec tion (Lagroix 
and Banerjee, 2004; Nawrocki et al., 2006);

– Mag netic fab rics in di cat ing sed i ment de po si tion on a slope
and/or ma te rial trans port down a slope (Bradák-Hayashi et
al., 2016; Bradák et al., 2020); the kmin axis is well-ori ented,
and the other axes are char ac ter ized by greater dis per sion;
the imbrication of the kmin axis ex ceeds 20°;

– Mag netic fab rics within palaeosols that have the char ac ter
of pri mary fab rics re corded in loess or may have the char ac -
ter of an “in verse mag netic fab ric”, where the kmax axis is ori -
ented al most ver ti cally, which may be re lated to the oc cur -
rence of fine super para mag netic sin gle-do main mag ne tite
pro duced by soil bac te ria (Jordanova et al., 1996; Lam et
al., 2010; Li et al., 2010; Bradák et al., 2018b; Hrouda et al.,
2018);

– Mag netic fab ric changed by other post-depositional pro -
cesses such as per ma frost ac tiv ity (Lagroix and Banerjee,
2004; Tay lor and Lagroix, 2015), pedogenetic pro cesses
(Liu and Sun, 2012; Tay lor and Lagroix, 2015; Bradák et al., 
2018a), the for ma tion of new mag netic min er als (Hrouda et
al., 2018) and bioturbation (Tay lor and Lagroix, 2015).
Cor rect in ter pre ta tion of mag netic fab ric types is cru cial in

fur ther stages of re search. In loess, AMS can be used to re con -
struct palaeowind di rec tions dur ing loess de po si tion. The
palae o wind di rec tions can be de ter mined based on mag netic
lineation, i.e. the ori en ta tion of kmax and/or based on the imbri -
cation of the kmin axis.

An ex am ple of the re con struc tion of aeolian trans port di rec -
tions us ing the imbrication of the kmin axis was de scribed by
Nawrocki et al. (2006), study ing loess sites in Po land and west -
ern Ukraine. The loess ana lysed was de pos ited dur ing the
Weichselian Gla ci ation, and was found to have a typ i cal ob late
AMS el lip soid re sult ing from the pre dom i nance of fo li a tion over
lineation. Mag netic fab rics in di cated that the mean di rec tion of
the kmin axis is in clined from the ver ti cal by 4–16°. In most of the
sites stud ied, the min i mum sus cep ti bil ity axes are char ac ter -

ized by an imbrication to wards the east or north-east. Based on
the imbrication of the kmin axis in the sites stud ied, Nawrocki at.
al. (2006) con cluded that the wind dur ing loess de po si tion blew
from the west or south-west (Fig. 4), a di rec tion de scribed as
con sis tent with the ori en ta tion of the ice-sheet front of the
Weichselian Gla ci ation and with the course of the Carpathians
and Podolian Up land. This di rec tion is also gen er ally con sis tent
with re sults ob tained by Chlebowski et al. (2000) and Nowaczyk 
(2002). In sum mary, when min eral grains in loess are char ac -
ter ized by some in cli na tion, it may be con cluded that the wind
dur ing loess de po si tion blew from a di rec tion op po site to that of
imbrication of min i mum mag netic sus cep ti bil ity.

Re con struc tions of aeolian trans port di rec tions based on
mag netic lineations were car ried out by Zhang et al. (2010). The 
re search was con ducted on three pro files of the youn gest loess
lo cated in the west ern and cen tral part of the Chi nese Loess
Pla teau. Again, fo li a tion pre dom i nates over lineation in the
loess stud ied. Al though the ori en ta tion of kmax axes in the pro -
files stud ied is char ac ter ized by a large dis per sion and a small
in cli na tion, one can no tice a cer tain peak of ori en ta tion den sity
of these axes fall ing in the SE di rec tion for Xifeng and Yichuan
and SSE for Baicaoyuan. Ac cord ing to the au thors, this in di -
cates the trans port of ae olian ma te rial by wind from the SE or
SSE di rec tion. The au thors chose the kmax axis for re con struct -
ing trans port di rec tions be cause the ori en ta tion of mag ne tite
grains is re spon si ble for the mag netic lineation. Mag ne tite ani -
so tropy re sult ing from grain shape gives more re li able in for ma -
tion about the ar range ment of min eral grains in loess. Gen er -
ally, wind di rec tion from SE is as so ci ated with the sum mer mon -
soon. Strong sum mer mon soonal wind trans ported dust and re -
ori ented min eral grains de pos ited dur ing the win ter mon soon
blow ing from the op po site di rec tion.

AMS stud ies have also been con ducted on the loess is land
of Korzecko lo cated near Chêciny in the Holy Cross Moun tains
(Fig. 5). The loess rests on the south east slope of Grzywy
Korzeczkowskie (Dzier¿ek et al., 2022). Based on cor re la tion
with other loess sites in the re gion, it cor re sponds in age to the
youn gest loess from the Weichselian Gla ci ation. Drill ing sho -
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wed the thick ness of loess in the vi cin ity of Korzecko to be  10
m. The up per 2.5 m of the loess pro file at two lo ca tions (GK 1
and GK 2) were stud ied us ing AMS. The mean ori en ta tion of
kmax is 41/13° for GK 1 and 222/1° for GK 2 (Fig. 6). De spite the
large an gle of imbrication in GK1, which may sug gest de po si -
tion of loess on a slope, both lo ca tions have a sim i lar ori en ta tion 
of mag netic lineation. Sim i lar i ties in the ori en ta tion of the max i -
mum sus cep ti bil ity axis sug gest that loess ac cu mu la tion here
was in flu enced by winds from the north-east.

GLACIAL TILLS

AMS has been used in gla cial till to de ter mine the di rec tion
of ice-sheet move ment (Gentoso et al., 2012; Król and Wache -
cka -Kotkowska, 2015; Hopkins et al., 2016; Teodorski et al.,
2021), ob tain new data con cern ing the or i gin of gla cial forms
(Ankerstjerne et al., 2015; Hopkins et al., 2015; Ives, 2016;
McCracken et al., 2016), de ter mine the de gree of subglacial
de for ma tion (Shumway and Iverson, 2009; Thomason and
Iver son, 2009; Flem ing et al., 2013a; Narloch et al., 2021), and
de scribe glacitectonic struc tures (Flem ing et al., 2013b)

An im por tant con tri bu tion to the use of AMS in gla cial till in -
ves ti ga tions was made by Hooyer et al. (2008), whose lab o ra -
tory stud ies in volved ap ply ing sim ple shear with in creas ing
mag ni tude to gla cial tills us ing a ring-shear de vice and ob serv -
ing changes in the mag netic fab rics of the tills. De for ma tion of

the ice-sheet bed re sult ing from sim ple shear is a com mon
mech a nism of ice-sheet move ment (Clark, 2005). Two basal
tills from the Wis con sin Gla ci ation (Douglas till and Batestown
till) were used for the study. No di rect cor re la tion was found be -
tween in creas ing mag ni tudes of shear strain, the de gree of ani -
so tropy and the shape pa ram e ter of the ani so tropy el lip soid.
How ever, a strong cor re la tion was ob served in the de gree of or -
der ing of the prin ci pal mag netic sus cep ti bil ity axes, es pe cially
the kmax axis. The eigenvalue S1, which de ter mine the de gree of
clus ter ing of the kmax axes around the mean vec tor, in creases
with in creas ing shear forces un til crit i cal strains are reached at
high shear strain mag ni tudes. For the Douglas till, S1 val ues for
crit i cal strains are  0.75, and for the Batestown till they are  0.83.
In the ini tial phase of the ex per i ment, when no shear strain acts
on the tills stud ied, mag netic sus cep ti bil ity axes are char ac ter -
ized by a cha otic scat ter (Fig. 7). As the ap plied shear forces in -
crease, sus cep ti bil ity axes be gin to be come in creas ingly or -
dered. At in ter me di ate shear strain mag ni tudes, kmax axes un -
dergo re ori en ta tion along the shear plane ori en ta tion. At high
shear strain mag ni tudes, a well-de fined ori en ta tion of the kmax

axis is par al lel to the di rec tion of ap plied shear forces with an in -
cli na tion of 18–26° in the op po site di rec tion to the di rec tion of
ap plied shear forces; the kint axis lies par al lel to the shear plane
and per pen dic u lar to the di rec tion of ap plied shear forces; and
the kmin axis lies in the same line as the kmax axis and is char ac -
ter ized by some imbrication con sis tent with the di rec tion of ap -
plied shear forces. The ex per i ment in di cated that AMS can be
used to de ter mine the di rec tion of ap plied shear forces and
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hence ice-sheet move ment di rec tion. The type of mag netic fab -
rics in gla cial tills may also in di cate the mag ni tude of ap plied
shear forces.

The re sults of lab o ra tory tests have been ap plied to the
study of gla cial tills. An ex am ple of the use of lab o ra tory test
re sults is the study of gla cial tills from the Douglas Mem ber be -
long ing to the Miller Creek For ma tion (Shumway and Iverson,
2009). These tills were taken from ex po sures above Lake Su -
pe rior in north west ern Wis con sin. AMS stud ies aimed to de -
ter mine the con di tions of till de po si tion, and in par tic u lar to re -
con struct the di rec tions and mag ni tudes of shear strain dur ing
till de po si tion. Based on the de gree of kmax ori en ta tion (S1

>0.75), it was found that the tills in ves ti gated mostly ac cu mu -
lated with subglacial de for ma tion and shear strain caus ing crit -
i cal de for ma tion in them. The mean az i muth of the kmax axis
was 17°, in di cat ing ice move ment from the NNE, con sis tent
with the gen eral di rec tion of ice move ment in this re gion. The
in cli na tion of the kmax axis is 17° and is sim i lar to that ob tained
dur ing lab o ra tory tests. Based on the ori en ta tion of sus cep ti -
bil ity axes, it was also found that shear planes are char ac ter -
ized by a prac ti cally hor i zon tal ori en ta tion, as in di cated by,
among other things, the in cli na tion of the kint axis (the axis ly -
ing in the shear plane) which is 2°.

AMS has also been used to re con struct the con di tions of
de po si tion of gla cial tills in stud ies of two till lay ers from the
Saalian Gla ci ation in the Dêbe area in cen tral Po land (Teo -
dorski et al., 2021). Based on the mea sure ments car ried out, a
large sim i lar ity was found in the ori en ta tion of the lon ger axis of
peb bles (V1 = 312/16°) oc cur ring in tills and the ori en ta tion of
the max i mum mag netic sus cep ti bil ity axis (k1 = 324/19°) (Fig.
8). Both meth ods in di cate that the di rec tion of ice-sheet move -
ment was from the NW, the re gional di rec tion of ice-sheet
move ment in this area. Based on mag netic fab rics, it was found
that ice-sheet move ment oc curred through subglacial de for ma -
tion ex pressed by shear.

 STRUCTURAL ANALYSIS 

The AMS method can also be used to iden tify tec tonic de -
for ma tion re corded in sed i ments and rocks (e.g., Mattei et al.,
1997; Borradaile and Ham il ton, 2004; Parés, 2015). The long
axis of min eral grains in rocks tends to align along the di rec tion
of the great est ex ten sion. There fore, mag netic lineation can in -
di cate the di rec tion of the stretch ing act ing on these rocks. In a
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com pres sive tec tonic stress re gime, mag netic lineation is par al -
lel to the ori en ta tion of fold axes, thrust faults or bed ding strikes. 
In con trast, in an extensional re gime, lineation is per pen dic u lar
to nor mal faults and par al lel to bed ding dip di rec tion (e.g.,
Balsamo et al., 2008; Cifelii et al., 2009; Olivia-Urcia, 2010;
Maffione et al., 2012; Tang et al., 2012, Anastasio et al., 2021). 

A good ex am ple of us ing the AMS method in such re search
is a study con ducted in the north ern Apennines (Caricchi et al.,
2016), where the method was also tested on un con sol i dated
de pos its, as char ac ter is tic of most Qua ter nary suc ces sions.
These stud ies con sisted of ana lys ing mag netic fab rics, and in
par tic u lar the char ac ter is tics of mag netic lineations in ar eas
with com pres sive and extensional tec tonic re gimes, from the
north ern Apennines to the Tus can Tyrrhenian mar gin. The
north ern Apennines formed as a re sult of the col li sion of the
Adria microplate with Eu rope. Within the Apennine chain, there
are compressional zones with thrust faults. To the west of the
moun tain range, there is an extensional tec tonic ba sin (the Tus -
can Tyrrhenian mar gin) with nor mal faults lo cated within it, as -
so ci ated with the open ing of the Tyrrhenian Sea ba sin. AMS
sam ples were taken from rocks form ing the Apennine chain –
preorogenic pe lagic shales and marly shales, synorogenic tur -
bidites, and from marls and sand stones from a thrust-top ba sin.
Sam ples of blue clays fill ing the extensional postorogenic ba sin
were also taken. In all lo ca tions stud ied, the rocks are char ac -
ter ized by mag netic fab rics with well-de vel oped fo li a tion par al lel 
to the bed ding planes. The fo li a tion is re lated to sed i men ta tion
and sub se quent compactional pro cesses. In ad di tion to the
well-de vel oped fo li a tion, well-de vel oped lineations were re cor -
ded at many sites. In the Apennine chain, mag netic linea tions
grad u ally change ori en ta tion from N–S in the south to NW–SE
in the north and are par al lel to the main tec tonic struc tures of
the chain. The mag netic lineations par al lel to the ori en ta tion of
thrust faults and fold axes in di cate that the di rec tion of com pres -
sion oc cur ring in the rocks is per pen dic u lar to the ori en ta tion of
the lineation (Fig. 9). In the postorogenic extensional ba sin
(Tus can Tyrrhenian mar gin), mag netic lineation is ori ented from 
NE–SW to E–W, i.e. al most per pen dic u lar to the ori en ta tion of
nor mal faults in this area. In this case, the mag netic lineation in -
di cates the di rec tion of ex ten sion oc cur ring in the rocks stud ied.
The re la tion ship be tween the ori en ta tion of mag netic linea tion
and the course of the main tec tonic struc tures in rocks of dif fer -
ent types, with dif fer ent mag netic mineralogies, and also dif fer -
ent ages, in di cates that the lineation has a tec tonic char ac ter.

Sim i lar con clu sions were reached by re search ers into the
south ern Apennines (Porreca and Mattei, 2012). Sam ples from
mac ro scop i cally undeformed clay units, mudstones and vol ca -
nic ashes, fill ing three small sed i men tary bas ins in the Picentini
Moun tains in the south ern Apennines and de vel oped on the
hang ing wall of nor mal faults in the Plio-Pleis to cene suc ces -
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sion, were used for the study. The re search ers found that in the
units stud ied, in many cases, the pri mary sed i men tary mag -
netic fab ric (kmin per pen dic u lar to the bed ding plane, re main ing
axes scat tered in the bed ding plane) was par tially over writ ten
by a tec tonic mag netic fab ric. In ad di tion to the well-de vel oped
fo li a tion, mag netic lineation was also ob served (ori en ta tion of
the kmax axis). A sim i lar type of fab ric was ob tained in all sed i -
men tary bas ins stud ied, re gard less of li thol ogy. This in di cates
that the ex is tence of lineation does not de pend on the type of
rocks or on mag netic min er al ogy. The mag netic lineations are
well ori ented along NNE–SSW or NE–SW lines. Ac cord ing to
the au thors, the mag netic lineations in the de pos its stud ied re -
sulted from tec tonic pro cesses, and the ori en ta tion of lineations
is per pen dic u lar to the course of nor mal faults in ter preted in the
study area. This in di cates that the mag netic lineations show the 
di rec tion of ex ten sion act ing on the de pos its stud ied, which led
to the for ma tion of sed i men tary bas ins. This and the ex am ple
noted above in di cate that AMS stud ies can be used to re con -
struct the di rec tions of tec tonic de for ma tion in rocks and sed i -
ments that do not con tain mac ro scopic tec tonic struc tures.

Based on this method, struc tural anal y sis can also be per -
formed in gla cial de pos its (Flem ing et al., 2013b). The AMS
method was found use ful for de ter min ing the or i gin of glacio -
tectonic struc tures in de formed Pleis to cene de pos its in north -
ern Nor folk (near Bacton) in Eng land. Diamictons be long ing to
the Bacton Green Till Mem ber, which are part of the Sherin -
gham Cliffs For ma tion, were sam pled. The re sults of AMS stud -
ies were com pared with the re sults ob tained from clas si cal
mac ro scopic struc tural anal y sis per formed on the ex po sure. In
the sam ples stud ied, fo li a tion pre vails over mag netic lineation.
The min i mum sus cep ti bil ity axis is per pen dic u lar to the bed ding 
and de vi ates from the ver ti cal. Mag netic lineation is vari able in
the pro file stud ied. It is ori ented N–S (2/6°) in the lower part and
E–W (267/6°) in the up per part. In the de pos its stud ied, some
glaciotectonic struc tures were in di cated: sheath folds with ax ial
planes par al lel or al most par al lel to the bed ding, their fold axes
ly ing al most par al lel to the ori en ta tion of mag netic lineation (Fig. 
10); boudinage; stretch ing lineations with ori en ta tion al most
par al lel to fold axes and mag netic lineation; sand lenses, where
the de pos its are char ac ter ized by ori en ta tion of the kmax axis
par al lel to the stretch ing lineation. Ac cord ing to the au thors, the
de pos its stud ied un der went shear in a subglacial en vi ron ment
as in di cated by boudins, sheath folds and stretch ing lineations.
In the ini tial stage of fold ing, the shear was ex pressed by com -
pres sion and the for ma tion of ini tial folds. Next, the folds be -
came more asym met ri cal and char ac ter ized by ax ial planes al -
most par al lel to the shear plane and tend ing to change fold axis
ori en ta tion to par al lel to the shear di rec tion. By com par ing the
re la tion ship be tween the kmax axis and the tec tonic struc tures, it
was shown that the mag netic lineation in di cates the di rec tion of
ex ten sion in the shear zone. The di rec tions of shear are iden ti -
cal to the di rec tions of move ment and al lowed de ter mi na tion of
the di rec tions and tim ing of the ad vance of North Sea ice and
Brit ish ice.

OTHER APPLICATIONS OF THE AMS METHOD

The AMS method has also been used in stud ies of changes
in ocean cir cu la tion in the North At lan tic dur ing gla cial-inter gla -
cial cy cles (Kissel et al., 1997). The re search was car ried out on 
a bore hole core SU90-33 drilled in the North At lan tic, south of
Ice land. The core con sisted of muddy clay and car bon ate ooze
with lev els of silty mud. An 11.5 m core dated to the MIS 1-6 pe -

riod was sam pled. The re search in di cated that higher mag netic
sus cep ti bil ity val ues are char ac ter is tic of warm pe ri ods (Fig.
11). Changes in sus cep ti bil ity are due to vari able mag ne tite
con tent, which ac cord ing to the au thors came from ero sion of
vol ca nic prov inces such as Ice land. This was then trans ported
and de pos ited in the study area by ocean cur rents. The au thors
also ob served no sig nif i cant vari abil ity in the size of mag netic
min eral grains. The de gree of ani so tropy also reaches higher
val ues in warm pe ri ods than in cold ones. Ac cord ing to the au -
thors, the in crease in val ues of the de gree of ani so tropy may be
re lated to an in crease in the in ten sity of ocean cur rents that in -
flu enced better ori en ta tion of min eral grains in the de pos its
stud ied. The study showed that, dur ing cold pe ri ods, ocean cir -
cu la tion in this area was lower than dur ing warm pe ri ods.

Us ing the AMS method, Yang et al. (2019) re con structed
types of mag netic fab rics that de pend on the kind of de for ma -
tion of the un con sol i dated de pos its in the cores. The de pos its
were taken from two cores drilled in the In dian Ocean area near
Su ma tra, and com prise mainly clays and cal car e ous clays, as
well as silts and sands from the early Pleis to cene to the pres ent. 
AMS sam ples were taken from core seg ments with undeformed 
de pos its and from drill ing-de formed seg ments. The unde for -
med de pos its were found to be char ac ter ized by mag netic fab -
rics with a well-ori ented kmin per pen dic u lar to bed ding and the
re main ing axes scat tered in the bed ding plane, which is the re -
sult of de po si tion and sub se quent com pac tion of the de pos its.
The mag netic fab ric in de formed core sec tions may be in flu -
enced by vi bra tion and stir ring dur ing ex trac tion of the drill ing
ap pa ra tus, which can lead to mix ing and lack of pre ferred ori en -
ta tion of min eral grains in the de pos its stud ied. As a re sult of
fric tion of the de pos its against the core bar rel walls, a hor i zon -
tally ori ented depositional mag netic fab ric may be come in -
clined, with kmin de vi at ing from the ver ti cal. The de pos its near
the walls be com ing in clined in the di rec tion of the bot tom of the
hole. In ex treme cases, as a re sult of suc tion of sed i ments into
the core, we may have a sit u a tion where the kmax axis is ori ented 
ver ti cally, i.e. along the z-axis of the bore hole core. Thus, the
AMS method can help de ter mine zones of de formed strata in
bore hole cores, which can in crease the util ity of any palaeo -
magnetic dat ing ob tained.

Al ready ear lier stud ies, e.g. Rosenbaum et al. (2000), had
shown  that AMS stud ies may be used to de ter mine the de gree
of de for ma tion in bore hole cores, that can af fect the proper in -
ter pre ta tion of palaeomagnetic data. The re search was car ried
out on the OL-92 bore hole core drilled in Owens Lake in Cal i for -
nia. The core con tains sev eral zones of de formed lake de pos -
its. Based on palaeomagnetic stud ies, sev eral ex cur sions of the 
mag netic field vec tor were in ter preted. AMS sam ples were
taken from lev els rep re sent ing field ex cur sions named Pringle
Falls, Ja maica/Biwa I, Blake and Mono Lake. For un dis turbed
core ma te rial, the av er age in cli na tion value of the kmin axis is 84° 
and a stan dard de vi a tion is 6.5° (Fig. 12). The in cli na tion val ues
of this axis do not fall be low 80°. Dis turbed de pos its at depths of
19.0–12.5 m are char ac ter ized by an av er age in cli na tion of the
kmin axis of 66.5° and much greater stan dard de vi a tion of 26.5°.
Of ten, the in cli na tion of this axis falls <80°. Sim i lar re la tion ships
were ob served at depths of 85.2–78.1 m. Both de for ma tion
zones co in cide with the in ter preted Mono Lake and Biwa ex cur -
sions. The change in in cli na tion of the kmin axis in di cates a
change in ori en ta tion of min eral grains in the de pos its stud ied.
There fore, changes in the re corded in cli na tion of the mag netic
field vec tor can not be in ter preted as its short-term ex cur sions
over time.
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SUMMARY

The method of ani so tropy of mag netic sus cep ti bil ity has
been widely used in stud ies of Qua ter nary de pos its. It al lows
de ter mi na tion of the ar range ment of min eral grains in the ma te -
ri als stud ied. AMS mea sure ments are easy, low-cost and quick
to per form. Com pared to tra di tional meth ods such as de ter min -
ing the ori en ta tion of min eral grains in thin sec tions or mea sur -
ing the lon gest axis of peb bles in gla cial tills, they are char ac ter -
ized by a low er ror re sult ing from hu man fac tors. In Qua ter nary
stud ies, AMS stud ies have been used to re con struct the di rec -
tions of trans port of rock ma te rial, such as in loess or ice-

 dammed de pos its. Based on the ar range ment of the prin ci pal
axes of mag netic sus cep ti bil ity, it is pos si ble to de ter mine the di -
rec tions of ice-sheet move ment and mech a nisms of de po si tion
of gla cial tills and to re con struct tec tonic stress fields. This
method is also use ful for con strain ing data ob tained from
palaeo magnetic stud ies or for pro fil ing sed i men tary suc ces -
sions. The ex am ples pre sented here show that this method can 
pro duce much new in for ma tion for Qua ter nary sed i men tary
stud ies.
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