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Paleomagnetic Processor: A fully automatic portable spinner
magnetometer combined with an AF-demagnetizer and
magnetic susceptibility anisotropy meter

Nobuaki NIITSUMA' and Masato KOYAMA?

Abstract: A new combination system for paleomagnetic measurement incorporates the
following four instruments: a ring-core-type flux-gate spinner magnetometer, an alternat-
ing field (AF) demagnetizer, an anhysteretic remanent magnetization (ARM) superimposer,
and a magnetic susceptibility anisotropy meter.

The system is composed of the following mechanisms and circuits:

@ a specially designed ring-core sensor and its driving circuits,

® a sensor holder incorporating three sets of coils, which are utilized for AF demagnetiza-
tion, ARM overprinting, and susceptibility anisotropy measurement, respectively,

® a mechanism for sample rotation and resetting for 6-spin measurement, using a pair of
non-magnetic ultrasonic motors and motor drivers,

@ a u-metal magnetic shield case,

® a demagnetizing current generator and power amplifier,

® a regulated current source for ARM overprinting and magnetic susceptibility aniso-
tropy measurement,

@ a central controller (notebook-personal computer), digital voltmeter, GP-IB Interface,
I/ O board, and relay board.

In this system, the whole measurement process is controlled by the central computer,
which executes the sample rotation and reset during 6-spin magnetization measurement,
the ON/ OFF and wave-form control of the demagnetizing current during stepwise AF demag-
netization, and the ON/ OFF control of the DC magnetic field during ARM overprinting or
susceptibility anisotropy measurement.

The noise level of the magnetometer corresponds to 3X10°® kA/m (=emu,/cc) for 30
cc samples, using 10 replications of stacking measurement. The maximum field intensity
of the AF demagnetizer is 45 mT. The measured results are presented by computer graph-
ics on the screen of a computer immediately after each measurement. The total weight of
the system is only about 35 kg, which is light enough for field use.

Key words: paleomagnetism, ring-core flux-gate, spinner magnetometer, AF-demagnetizer,
magnetic susceptibility, anhysteretic remanent magnetization
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Fig. 1 BB BRAAEERE

Paleomagnetic Processor: A fully automatic port-
able spinner magnetometer combined with an AF-
demagnetizer, magnetic susceptibility anisotropy
meter and anhysteretic remanent magnetizer.
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Block diagram of the Paleomagnetic Processor. AFD: alternating field demagnetization; ARM: coil for overprint-
ing of anhysteretic remanent magnetization; SUS: coil for magnetic susceptibility anisotropy measurement;
GEOMAG: coil for canceling of geomagnetic field; S: sample; R: resistor (0.25Q); C: capacitor (2« F); RING

CORE: ring-core type flux-gate sensor.
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Main part of the Paleomagnetic Processor.
remanent magnetization; SUS: magnetic susceptibility.
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PUC:pick-up coil
ACT:activation coil
SPL:sample

Fig. 4 SHEHBRANEERCHORTWEYY ¥ /a7
Rttt —

Schematic diagram of specially designed ring-core-
type flux-gate magnetic sensor and its driving circuits
of the Paleomagnetic Processor.
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Structure and mechanism of ultrasonic motor, used
for rotation and resetting of a sample in the
Paleomagnetic Processor.
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Mechanism of sample resetting around an eccentric
axis of a sample case on sample resetter.
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BS 1HOG6RB : site ( 35.0N, 140.0F; 6.0W] Hz= 1006.00m Depth= 0.0cm 94/03/056
NP2 bedding [st=N 70E dip= 10N)] orient [st=N 70E dip= ON ] vol= 17.8cc 5 turn
JobNo . TRT Jn(kA/m) Jsus(kA/m) Dlbed DiIsite Disample +0.00173Am2/10uv

646 NRM 4.04E-05 1.81E-07 (352.7+57.1)(357.6+66.7)(107.6+66.7) 17:49:22
+-  0.022mV  +-I= 0.9 VGPbed(+83.5N +76.6E] VGPsitel(+75.6N+133.7E)
647 +05 4.25E-05 3.59E-07 ( 2.5+58.6)( 11.4+67.6)(121.4+467.6) 17:52:18
+-  0.022mV  +-I= 0.8 VGPbed([+85.2N+163.4E) VGPsite(+72.4N+164.7E)
648 +10 3.97E-05 2.95E-07 ( 5.9+56.7)( 15.2+465.4)(125.2+65.4) 17:55:20
+- 0.023mV  +-I= 0.6 VGPbed(+84.7N-157.5E1 VGPsite(+73.1N+177.6E]
649 +i5 3.51E-05 1.52E-07 ( 6.1+54.5)( 14.4+63.1)(124.4+463.1) 17:58:26
+- 0.024mV  +-I= 0.7 VGPbed[+85.0N-131.6E] VGPsitel[+75.4N-175.4E]
650 +20 3.13E-05 2.85E-07 ( 5.5+53.7)( 13.4+62.5)(123.4+62.5) 18:01:37
+- 0.022mvV  +-f= 0.6 VGPbed([+85.4N-122.6E) VGPsitel[+76.4N-174.4E]}
651 +25 2.78E-05 3.48E-07 ( 5.8+51.3)( 13.0+60.0)(123.0+60.0) 18:04:51
4+~ 0.02lmvV +-I= 0.6 VGPbed[+84.3N -99.5E] VGPsite(+78.2N-163.9E}
652 +30 2.50E-06 2.45E-07 ( 65.2+449.7)( 11.9+58,5)(121.9+58.5) 18:08:09
+- 0.022mV  +-[= 0.3 VGPbed([+83.7N -86.0E) VGPsitel[+79.7N-157.6K]
653 +35 2.28E-05 2.13E-07 ( 4.3+48.4)( 10.4+57.3)(120.4+57.3) 18:11:32
+- 0.024mV  +-I= 0.3 VGPbed(+83.3N -74.2E] VGPsiltel+81.2N-152.5E]
654 +40 2.07E-05 2.48E-07 ( 3.8+47.0)( 9.4+456.0)(119.4+56.0) 18:14:59
+~ 0.023mV  +-[= 0.8 VGPbed[+82.5N -66.3E) VGPsitel(+82.2N-143.8F)
655 -40 1.27E-05 2.10E-07 (351.9+42.3)(354.3+52.1)(104.3+52.1) 18:19:58
+-  0.022mV  +-I= 0.5 VGPbed{+77.3N -4.0E) VGPsitel+84.7N +25.3E]
656 SUS 1.23E-05 2.04E-06 (353.8+41.7)(356.6+51.4)(106.6+51.4) 18:22:08
+- 0.023mV  +-1= 0.4 VGPbed[(+77.8N -12.3E]1 VGPsitc[+85.9N +4.7E]
sus at 21.6microT dif sus Job No.= 655 gn= 1.49
[1]J+1.59E~-06 ( 6.7-18.8)( 5.6 -9.8)(115.6 -9.8)
[21+1.16E-06 (275.5 -3.4)( 956.7 -1.0)(205.7 -1.0)
[31-4.77E-08 (175.7-70.9)(191.2-80.2)(301.2-80.2)
657 A40 3.22E-05 1.90E-07 (345.0+67.2)(348.7+77.1)( 98.7+77.1) 18:24:46
+- 0.022mV  +-I= 0.5 VGPbed(+71.5N+108.3E] VGPsite[+58.9N+130.9E]
ARM(U)sample= -3.14E-05(+- 5.13E-07)
658 +05 2.84E-05 2.94E-07 (346.1+65.1)(350.0+75.0)(100,0+75.0) 18:34:46
+- 0.018mV +-I= 0.6 VGPbed[+74.0N+103.6E] VGPsitel[+62.4N+129.8F]
ARM(U)sample= -2.75E-05(+- 2.80E-07)
659 +10 2.56E-05 2.04E-07 (346.7+63.2)(350.3+73.1)(100.3+73.1) 18:37:50
+-  0.02ImV  +~1= 0.6 VGPbed[+75.9N +97.6E) VGPsite(+65.5N+127.9E1
ARM(U)sample= -2.45E-065(+- 2.24E-07)
660 +15 2.28E-05 2.38E-07 (348.1+60.8)(352.0+70.6)(102.0+70.6) 18:43:19
+- 0.024mV  +-1= 0.3 VGPbed[+78.5N +89.7E] VGPsitel[+69.3N+126.9E]
ARM(U)sample= -2.15E-05(+- 1.91E-07)
661 +20 2.05E-05 1.68E-07 (348.1+59.5)(351.6+69.3)(101.6+69.3) 18:48:52
+-  0.020mV +-]= 1.0 VGPbed(+79.2N +82.8E] VGPsitel(+71.1N+124.3]
ARM(U)sample= -1.92E-05(+- 1.72E-07)
662 +25 1.81E-05 1.38E-07 (349.6+56.7)(353.2+466.5)(103.2+66.5) 18:52:08
4+~ 0.023mV  +-1= 0.8 VGPbed[+81.3N +68.4E] VGPsitel[+75.1N+122.5E)
ARM(U)sample= -1.66E-05(+- 5.42E-08)
663 +30 1.65E-05 2.82E-07 (353.3+53.0)(357.5+62.6)(107.5+62.6) 18:55:28
+- 0.020mV +-1= 0.5 VGPbed[+84.3N +37.2E] VGPsite(+80.8N+128.9E]
ARM(U)sample= ~-1.47E-05(+- 1.80E-07)
664 +35 1.51E-05 2.29E-07 (352.3+49.7)(355.7+59.4)(105.7+59.4) 19:03:30
+-  0.024mV  +-]= 0.7 VGPbed(+82.1N +17.7E] VGPsite[+83.7N+108.4E1]
ARM(U)sample= -1.30E-05(+- 1.53E-07)
665 +40 1.29E-05 2.54E-07 (362.2+44.6)(355.0+54.3)(105.0+54.3) 19:09:17
+- 0.021mY +-1= 1.1 VGPbed[+79.0N -0.6E] VGPsite[+85.9N +49.4E]
ARM(U)sample= -1.05E-05(+- 2.16E-07)

log Intensity (kA/m=emu-cc) [NP2] N BS IH@GRB
-8 - -6 5 -4 -3 646- 665

1 NRM
2 +05
3 +10
4 +15
5 +28
6 +25
T +30
8 +35
9 +40
10 -40
11 SUS
12 140
13 +25
14 +10
15 +15
16 +20
17 +25
18 +30
19 +35
20 +49

)(9‘)6)6969696)696

[ (o]
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qn= +1.49

X
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X
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RO ROREROR  ROROROR00 0% oo R
Ea3
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Fig. 8 ®HEEMBAAEEEICLAWERROITHH LA

Example of computer graphics on measured results, printed out immediately after a series of measurements

on a sample. The computer graphics are presented on the screen of a computer during the measurements, and
new measured results are added to it immediately after each measurement.
TRT: treatment of sample; NRM: natural remanent magnetization; +05: remanent magnetization after AF-
demagnetization level of 5mT of positive polarity; -40: AF-demagnetization level of 40mT of negative polariy;
SUS: measurement of susceptibility anisotropy; A40: remanent magnetization after over-print of anhysteretic
remanent magnetization at 40mT. Jsus: intensity of 180° component; Jn: intensity of 360° component; D axis: direc-
tion of down axis of sample; Dipole: geomagnetic direction at sampling site; Sus: directions of anisotropy axes
of magnetic susceptibility; Max: maximum axis; Int: intermediate axis; Min: minimum axis; qn: anisotropy pa-
rameter of magnetic susceptibility (=log.((Min-Int)”(Int-Max)); Taira & Niitsuma 1985).
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