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Temperature variation of MS

Temperature variation of MS
k(T)

1. Characteristic temperatures — Identification of
magnetic minerals and their chemical
composition

2. Semi-quantitative resolution of ferromagnetic x
paramagnetic contribution to MS

3. Numerical characterization of alteration during
heating

4. Paleotemperature estimates



1. Characteristic temperatures

Paramagnetic minerals
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400 . : .
Hyperbolic course according to the Curie Law
300 k=C/T
C — proportionality constant
200 T — absolute temperature
100 F U‘M
0 TSN TR FE i R I R A N A |

-200 -100 0 100 200 300 400 T[°C]



1. Characteristic temperatures

Magnetite
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Verwey transition T, ~— 150 C

Transition from cubic to ortho-rhombic
symmetry, decrease in susceptibility

Curie temperature T,~ 585 C

Transition from ferrimagnetic to
paramagnetic state, rapid decrease of
susceptibility



1. Characteristic temperatures
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1. Characteristic temperatures
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1. Characteristic temperatures
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1. Characteristic temperatures

Pyrrhotite

Monoclinic pyrrhotite
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Pseudaobrookite

S

Saturation magnetization, j_(G) ;:J

1. Characteristic temperatures

Variation of characteristic
temperatures with chemical
composition in titanohematites
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1. Characteristic temperatures

Mixture of SSD and SP particles - model
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1. Characteristic temperatures

Examples: environmental materials

weak Verwey superposed
Ktot

on increasing curve Ktot
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» very different heating and cooling
curves

» very wide Curie temperature
decrease, probably due to mixture of
minerals.

»  creation of new minerals between
250 °C and 300 °C and above 400 °C



2. Semi-quantitative resolution of contribution to MS

Example: rock with amphibole and magnetite

uncertainty whether magnetite was created by heating?
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2. Semi-quantitative resolution of contribution to MS

Separation of paramagnetic and ferromagnetic
contributions to magnetic susceptibility
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2. Semi-quantitative resolution of contribution to MS

By fitting a hyperbola offset along y axis or
hyperbola and a straight line
to k vs. T curve using least sqie

res method we obtains p,,., C and Py K¢
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3. Numerical characterization of alteration during heating
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» useful in comparing a large number of thermomagnetic curves
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» useful in thermal enhancement of magnetic fabric
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3. Numerical characterization of alteration during heating
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Agp =100 x (kyo— Kyp) [ Kyg [%]

k,,— susceptibility on cooling curve at 40 T
K, — susceptibility on heating curve at 40 T

Amax (temp) =100 x (k_ K)max / K40 [%]

(k= K),ax — maximum difference between the cooling
and heating curve susceptibilities at the same
temperature (indicated in brackets at the index).

ki, K, —cooling and heating curve susceptibilities

at the same temperature, N is the number of pairs
considered,

K,,— heating susceptibility at 40 °C

(k; - K;) pairs are created in the step by 1 °C through
linear interpolation.

Agr = Z(ki— Ky) T Z(ki| = [Ki[)

k;, K, —the cooling and heating curve susceptibilities

at the same temperature, |kj|,|K;| are their absolute values.

3. Numerical characterization of alteration during heating

Positive A,, value indicates higher cooling than heating
susceptibilities and vice versa.
Useful, if the courses of heating and cooling curves are similar

Heating curve susceptibilities are considered the leading ones,
the cooling curve susceptibilities are interpolated to create
pairs with heating curve susceptibilities

A = 1 if the heating and cooling curves do not cross
|A.| < 1 if the heating and cooling curves do cross.

(Hrouda, 2003, Studia Geoph. Geod.)



3. Numerical characterization of alteration during heating

Whole rock alteration Ferromagnetic fraction alteration
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4. Paleotemperature estimates
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(Hrouda et al., 2003, Phys. Chem. Earth)



Field dependence of MS

Field variation of MS
k(H)

1. Identification of ferromagnetic (s.l.) minerals
2. Chemical composition of titanomagnetites



Field dependence of MS
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M
magnetization ~ K

remanent
magnetization ~

coercive
force \

diamagnetic H paramagnetic
diamagnetic .

Mm“f Hmat=x

ferromagnetic

initial

H M

time




Field dependence of MS

Vp =100 x (kgs50— ko) /K [%]
Vin = 100 % (Kpax— Kmin) / Kiin [%]
Vp = 100 x (kg0 — ki) /'k; [%]

where k; = (k» + ks + kg + kg)/4. k». k4, kg. and kg are sus-
ceptibilities at 2, 4. 6, and 8 A/m. respectively, kys¢ 18
the susceptibility measured at 450 A/m. The V, values
are also given in %o.

(Hrouda et al., 2006, Studia Geoph. Geod.)



Field dependence of MS
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Field dependence of MS
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Frequency dependence of MS

Frequency variation of MS
k(f)

» ldentification of grain-size
» Paleoclimatic estimation




Frequency dependence of MS

Superparamagnetism

» very high susceptibility
» N0 remanence
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Frequency dependence of MS

Frequency-dependent susceptibility results from interplay between SP and
SSD or even MD magnetic particles even though some other phenomena,
such as eddy currents, may also play a role mainly at high operating

frequencies.

Materials exhibiting the frequency-dependent susceptibility
must contain at least some SP particles !!!

Kep = 100 x (k= kyp) /K £ [%] (Dearing et al., 1996, GJI)

K . ke are susceptibilities at the lower and higher frequencies.



Frequency dependence of MS

Comparison of MS-2 (Bartington) and
MFK1-FA (Agico) instruments

The MFK1-FA and MS-2 instruments use different operating frequencies
for determining the k_, parameters. Large differences

K-, [%6] between individual curves
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Frequency dependence of MS
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Frequency dependence of MS
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Example 1: k(T) and k(H) of various titanomagnetites
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Examplel: k(T) and k(H) of various titanomagnetites

normalized susceptibility (k/ka aim)

— —_ —_ — — - - -
n w E W (o] ~ (e<] w0
P T N A W W W T T O U A 1 0 O G 07 T S 0 T W N 0 O T Y 0 o |

ks
—_

e
o

o
©

SERIRSE R LS

maijor T [°C] ;|
135

SR0799-16.0
SR0800-0.9
SR0956-15.5

SR0456-1.2
SR0690-2.7
SR0691-8.7
SR0800-1.0
SR0958-4.5

SR0131-4.4

group 1a

group 1b

190

group 2 192

SR0101-3.0 204

SR0133-4.0

group 3

265

155

248
575

A 590
573

110 (213)

-

100
field amplitude [A/m]

%Hd (30-300 A/m) [%]

40+
! = group 1a
] s group 1b
354 ., M )
1 group 1b/2
+« group2
1 a group 3
= © synthetic spheres
¥ & . Jackson el al. [6]
. x alkaline volcanics
25: ,if\ *s . de Wall [8]
L]
1 % o - . : O alkaline volcanics
] \\ . de Wall and Nano [15]
20+ . . -
] 3
: .\l\ L] L] O
: N
151 0 .
4 N
=
| = |jﬁ\ X
10 . e N
Il W X
y = 51.5686° | o
< *
5] R? = 0.9683 a2 ° x?*.\x oL~
] (de Wil (8] O .o -
p * .
] TR
0 ——— ———————— ———————et i,
0 100 200 300 400 500 600

Curie temperature [°C]

(Vahle and Kontny, 2005, EPSL)



Example 2: Flysch-like Proterozoic sediments

L Oblate AMS ellipsoids

0.5 P
Pigh-irfensty obiats specimens
(Domaind, southem transect)

0.0

pyrhotite Beanng specimeans
[T (site JH10 and partially JH5)

100 200 300 400 500 600 YOO BOO 900
Bulk susceptibility [10°S]]

-1.0

inversefabric {sidente beanng?) Prolate AMS ellipsoids
Specimens (sie JH35)

[ Domain 1 [ Domain 2 Il Domain 3

(c) (d)
1000 - 1000
gm_é 200
am_g
m]_;
K, BBD—E
1107 5503
4913_%
300
200 3
-mn-; 100 s & © 0 0 o O o o ¢ 1.6%
o e e e i U e e R T e
0 100 200 300 400 500 600 700 T[C] 0 100 200 300 400 500 600 700 H[Am]
—m—JHS (k=59%)  —@—JH10(k=108%)  —O—JH35(k=12%)  —O—JH73(k=0.3%)
—&— JHT (k,=0.6%) o JHZE (k=1 6%) —a— JH40 (k=06%)  —o—JH133 (k,=0.1%)

(Hajna et al., in press, Precam. Res.)



Example 3: Quaternary loess-paleosol section
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Example 3: Quaternary loess-paleosol section
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Example 3: Quaternary loess-paleosol section
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MFK1-FA + CS4

Temperature range Three operating frequencies and
respective field ranges (peak values):

—192 T upto 700 (800) € F1 (976 Hz): 2 - 700 A/m
F2 (3904 Hz): 2 - 350 A/m
F3 (15616 Hz): 2 - 200 A/m

Field homogeneity at 976 Hz: 0.5 %
Accuracy within one range: +0.1%
Accuracy of absolute calibration:  £3%
Pick-up coil inner diameter: 43 mm
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Software and support

Instruments
www.agico.com

Software
www.agico.com/software

(Free of charge)

Contact

Martin Chadima
chadima@agico.cz

Institute of Geology
Academy of Sciences




