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EFGHIJKL
M 8~16 µm8NOPQRST, UV
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\]M<4 µm^_<32 µm8N`ab>RST. cd���
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EFtrufg��	Z8N`a
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P
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��� ���� �	 
�� 
� ���

����� 20�� 70�	
��
��, ���������������[1]. ���,

 !"#$%"��&', ()*%+,-./01234�56�����78, 9���

�:;<=[2~9]. >?, @AB	012�����78, CDE���FG%2HIJK��

���L����:M�
��NO[10], PQRS�TU��VW
X�. YZ([\]^

_01234�`abc�����78, de012fgh<(��ij�klm��n

o�����U�CD.

1 �����

[\]�
K^p%[\qr�s6tu�mSv�.�wxyz{ra|]^_�}

~����[11](� 1). �}���^_, ��v.��a��r(Phragmites australis)%��r

�Scirpus)-�_��[\]^_�����kl��, 20�� 60�	����^_N��<�

��%���F], (��^_012kl`5[12].

a`a�����^_012�� ij, Y�78¡:¢£� 5¤¥M, ¦JL§¨[

\]�©ª_�«¬]%­®¯-°., ±²°_°³u-§¨\´�µ¶u(� 1). «¬]

-­®¯·¸�F]; °.-°³u§¨¹º, T»¼½gw, ¾¿ÀÁ����ÂL[\]

^_Ãa�}��r; µ¶uÄÄ<�, >?ÅÆÇ È, ¿-±²°_L�.É.Ê�ËH
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�:MÌÍ��.

�ÎO¥M¦JÏÐ�ÑÒÓ (Ô 60

cm [), E
«¬]%­®¯-°. 3 ¤¥

§�ÓÕÏÐ¨ 1995- 1996� 9Ö, d×

ØÏÐ�ÙÚÓ(0~5 cm), °³u-µ¶u

Û¤¥M�ÓÕÏÐ¨ 1998� 4Ö. ÓÕÏ

ÐÜ;�Ý^_34, ÞaÝ^_2ß@à

Ãb[11], FG2ßÂÃáâÐ. �«¬]Ï

Ð�ÑÓ� 50 cmaã, �äaåæç, è

äé)êç , EëÑÓ�ä�)êçaÜ ,

30~40 cm ìg�èvíåçAî. Bïð

ÏÐ�ÓÕñòó, �ôõö, � 1~2 cm

÷ø(°.012a 4 cm÷ø)¦ùÑÓ, Á

úÓÕ¨wûèüý(<40þ����fg¦�

ÓÕ���EëÓÕ������� �6���

ÓÕ�¼�m	��¼��6Ï�


� Bartington MS2 �¼��, ��
��

(ARM, �'�ï�� 100 mT, ���ï 0.04 mT)-Kû��(IRM)��
�Molspin����

��'���%���¼�- Minispin ������<, d� �6!="#��¼�(χ)%

	��¼� (χfd, χfd=[ χLF−χHF]/ χLF×100)%$-Kû�� (SIRM% IRM1000mT)%&��

(SOFT=IRM20 mT)%��
���¼�(χ ARM)%��'(�(Bcr)Kno, �m)�noχARM/ χ,

χARM/SIRM, SIRM/ χ, S-100 (S-100=[SIRM−IRM-100mT]/[2×SIRM]×100), F300 (F300=IRM300 /SIRM×100).
χ, SIRM, SOFT, χ ARMKnoÜ;*� +2,6ú-, χfd, χ ARM/ χ, χ ARM/SIRM, SIRM/ χ, S-100,

F300m Bcr Ü;���� +2�.f5/-��[13]. �
01��
� Molspin Nuvo 2�

��"(VSM)�6, 3�¦���4'ï�56(VFTBE)34¦�. ÓÕ�fg¦�Ï�7�

fg¦��(Coulter LQ-100Q)34. ÎO¥M8¢£��ÓÕ, 9Z:[14];<�R=, ðÓ

Õ>¨?@
, ABCDm¦EF(GHIJK)LNM¦¦EN, Oª2OÓÕ, Oª��P

QRST�U*/�V+W9`X�� .f, YZ:[o�. \N]�r^�_�`>, L

ÓÕa�@AO¤Ýbg�c�ï, �dÐb�� .f. (W9�� .f34efgh

(JXA-840, JEOL100CXi)-ejCk(EPMA-8705QH2, TN-5502Nyl�)¦�. Z�, ä¦Ó

Õ34�fm¦nop��� �6.

2 ��

Ù 1 ;<�q¥M012� no�'¼r m6s� . t¨78�ÓÕχ* SIRM,

SOFTÝgu-(v� 2), χ ARM/ χ *χ ARM/SIRMwúxa�y�zv'¼, S-100- Bcr{ìg'

¼X5, |� 2}~��χ, χfd, χ ARM, χ ARM/SIRM, F300K� no{ìg�'¼ij. tÙ 1

-� 2 4v , *� +2,6ú-�no'¼`5 , ���×O¥Mzv��p� , ÂÙ

B<X×¥MN÷�p�. Yχ '¼¨ 43.0×10−8~124.8×10−8 m3�kg−1 N÷, SIRM '¼¨

� 1 �������	




� � 9� ������ 	
��
���������������� 785

�
1

�
�

�
�

�
�

�
	



�

�



�
�

�
�

�
�

�
a)

�
�

�
(n

=
32

)
�

�
�

(n
=

39
)

�
�

(n
=

23
)

�
	



(n

=
59

)
�

�



(n
=

48
)



�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

χ�
10

−8
/m

3 �
kg

−1
72

.4
12

4.
8

96
.4

49
.7

82
.8

62
.5

43
.0

98
.4

69
.2

49
.5

67
.2

58
.8

59
.4

87
.0

73
.2

χ f
d/

%
1.

5
3.

9
2.

3
1.

1
2.

8
2.

0
0.

7
7.

3
3.

7
0.

1
2.

8
2.

0
1.

7
4.

6
3.

3

S
IR

M
�

10
−6

/A
m

2 �
kg

−1
81

38
.5

19
94

3.
6

14
48

5.
8

52
67

.4
11

00
6.

4
76

46
.7

63
76

.7
15

89
7.

3
10

37
8.

4
79

09
.7

11
26

5.
2

95
12

.6
83

28
.6

12
93

2.
2

10
45

0.
7

S
O

F
T
�

10
−6

/A
m

2 �
kg

−1
11

40
.7

26
98

.2
18

88
.2

80
1.

1
15

20
.3

10
03

.5
83

7.
4

20
76

.7
13

69
.1

91
8.

8
14

22
.9

11
23

.3
11

51
.9

17
33

.5
14

49
.1

χ A
R

M
�

10
−8

/m
3 �

kg
−1

14
1.

6
47

0.
5

27
9.

2
10

0.
4

34
8.

6
15

8.
1

10
7.

1
75

1.
6

34
0.

5
14

2.
9

32
9.

1
22

7.
3

16
9.

5
41

4.
0

28
7.

1

B
cr

/m
T

32
.4

37
.1

35
.5

29
.9

37
.2

34
.8

34
.2

39
.6

36
.9

31
.9

43
.5

38
.0

31
.8

37
.6

35
.4

A
R

M

SI
R

M
χ

�
10

−5
/m

�
A

−1
8.

2
28

.3
19

.2
14

.5
31

.6
20

.8
15

.1
49

.1
32

.7
16

.5
31

.7
23

.9
20

.2
34

.9
27

.3

χ A
R

M
/χ

1.
3

5.
1

2.
9

1.
6

4.
4

2.
5

1.
9

7.
7

4.
7

2.
5

5.
1

3.
9

2.
7

4.
9

3.
9

SI
R

M χ /k
A
�

m
−1

11
.1

18
.1

14
.9

10
.6

14
.9

12
.2

11
.6

19
.5

14
.6

14
.9

18
.1

16
.2

12
.6

16
.0

14
.3

S
-1

00
/%

86
.6

88
.6

87
.1

82
.8

89
.3

84
.9

81
.1

86
.1

83
.3

80
.2

85
.6

81
.7

81
.7

85
.8

83
.9

F
30

0/
%

93
.9

97
.9

94
.8

88
.5

94
.9

92
.6

90
.7

96
.6

92
.6

90
.9

95
.3

93
.4

91
.4

98
.8

94
.7

a)
�

�
�

�
�

�
�

�
	



�

�
�

,



�
�

�



786 � � � � (D �) � 32 

� 2 ��	
������������������

(a)���, (b)���, (c)�	, (d)�
�, (e)�
�

5267.4×10−6~19943.6×10−6 Am2� kg−1N÷, up 3~4 �. 6s¾�, «¬]012� Ã�.

¾ S-100 - F300�Ã5�-Ã/��à��, �q¥MupX5, ~��^_012� ij

�p� -� .
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2.1 ����

F300LÓÕ� 300 mT�ï
�¼NÁqr��*$-Kû���)�, ���ÓÕ
�

V�+2(Y�V+)*X���V� +2(Y�V+%kV+)�u()�, ¿{¡X���

V� +2�:��A¾è�. Y�012ÓÕ� F3006s�� 92 %������ 300 mT�ï

�¼N��ÓÕÁq�����$-���²�V� +2Ü��ÓÕ�� ij��P×���

X����V� 2ß��:��Y�^_012��'(� Bcr `w, �¨ 30~40 mT N÷,

Q�ij�Ù²w'(���V� +2Ü��ÓÕ�� ij . q¤¥M�wúuy�

F300- Bcr�6s�, ~��u(Oc�� +2h<.

*�¼�X×�L, $-Kû��X��� -�� 2ß�kl, Ü;t�V� +

2-X���V� +2Á�:, ¾&�� SOFT�Ü;����V� +2�,6[15]. χ *
SIRM �Ýg1 u-(� 3(a)), m SIRM * SOFT �~��u-(� 3(b)), Â���χ �'¼
Ü;���V� +2���.

� 3 SIRM �χ (a)� SOFT (b)���

� 4  ����ÓÕ(¡Ó)�3�¢1ij, E
 CM98-1 ��°³uÑÓÙÚ 0~1 cm,

BLG95-89�­®¯ÑÓ 6~8 cmìg, SDK95-229�«¬]ÑÓ 20~22 cmìg. ?Û¤Ó

Õé)êç, ~��u(£¼���, ¾NO¤ÓÕ�éåæç, 	Ù�u(¤¡���. Q

� 4 ���	(
�)��
�

���������	
��
���
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3 ¤ÓÕ�¥¦M Tc�� 580þ§¨, Ù²�V+LÜ;��V� +2. ÓÕA3A½-©

ªA½~��X4«ij, ÓÕ SDK95-22©ªN��¼�gLA3?� 3�§¨, ¬���

A3A½
�<�­��V� +2, ¾EëÓÕ©ªN�¼�gè�, ¬���V+�®

#
£¼�<�c� +2(Y�V+)[5].

2.2 ��������	

Y�ÓÕχfd�¨ 0.7%~7.3%N÷, ~��¯��.f���. t¨χARM(°±²³(SSD,

0.04~0.06 µm).f�´µ , )�noχARM/χ 4
¬��V� +2.f�5/, `Ý�)���

� SSD .f, ¾`w�)��~��`���³

(MD)¶¯��(SP).f[16, 17]. χARM/SIRM Â¬�

� .f�fg'¼, Pt¨X� SP.f�kl,

`w�)�����`X� MD .f. Y�01

2χARM/χ·10, χARM/SIRM·50¸10−5 m�A−1(Ù

1)��¬���V� +2�¹²³�PSD, 0.1~10

µm)-�³aÜ[18]��

� �
01�6!=��"#$-�ë�¼

�g*$-�¼�gN) Mrs/Ms, �m��'(�*'(�N) Bcr/Bc, 4�º<ÓÕ»�

Day�� PSD�÷[19]���²~�� MD���� 5����

2.3 �����
��	

(X×¥M��ÓÕW9�� +2�ghef¦�Ù² , � .f��¼�X½� ,

���012¾¿A½
�V+À��`a���2Á%¼�'¼(� 6(a)). ��QÂ�Ã<

Þ�V+�, �«¬]012
¤<B�ÄÒ� .f, d4¦aÛ�ÅO�ÙSÆÇ, �È

Ô 7 µm (� 6(b)); ÉO�ÙS`a�Ê%��, �È 20~30 µm§¨(� 6(c)). ejCk¦� 

�, ?ËoYt FeÌ<, ¾NË� Fe�, ¤,úÍÎÏÐ Si- Al. Q�Ä¼.f�EÑ¥§

ÆÒ<.

2.4 �
���������	���

YZ78�ÓÕÓ*(<4 µm),6a 5.0%~41.4 %, E
 88 %�ÓÕÓ*,6w¨ 20 %,

Ó*,65¨ 20 %�ÓÕÜ;��°.Ý^_. ÔÕ,6a 53.3%~88.2 %, E
xbÔÕ

(4~8 µm),66sa 7.5 %, bÔÕ(8~16 µm),66sa 12.6 %, 
ÔÕ(16~32 µm),66s

a 24.6%, XÔÕ(32~63 µm),66sa 30.2%, ~��
%XÔÕÜ��ÔÕfm. Õ,6

1.6%~41.5%, E
 88 %�ÓÕÕ,6w¨ 20%. 9Öfgh<×Þ¦�=, YZ78�01

2Ü;Î¨ÔÕ, E�aÕßÔÕ-Ó*ßÔÕ(� 7).

� 2
¤~��012Ó*,6{ìg�z�'¼. ()�no¢1, 4��BÓ*,6

*χARM �zv'¼`auy, P*χ �'¼p�`5. � no*fmh<�u-¦�ÂÙ

²(Ù 2), χARM* 0~2 µm, 2~4 µm, 4~8 µm, 8~16 µm�m<4 µm, <8 µm, <16 µm, <32 µmfm8

<~���u- , �* 2~4 µmu- Ãa~�. χfd, χARM/χ, χARM/SIRM*χARM�y, PE

u-Ã~�fma 0~2 µm. S-100- F300*�Øbfmh¦éÙu-, Bcr �Ú~�u- . χ,

SIRM- SOFT*�Øfmu-½g`w, *χARMK¬�bÛf�V+�noX×�L, Q�

� 5����� Bcr/Bc-Mrs/Ms �
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no* 8~16 µm fmu-Ãa~�.

Áúno* 16~32 µmfmÚ²~u-

 , * 32~63 µm fm5�éÙu-.

Q�!=Ù², � +2�5/�<32

µm aÜ, E
bÛf�V+(SD, SP)

�< 4 µmfm
âÐ, ¾`X��V

+(MD)� 8~16 µmfm
âÐ.

3 ��

3.1 �������

�Ø!=Ù² , Y�012� 

ijÜ;t`X� PSD/MD �V+Á

Ü� . ([\012�+2�78Â

Ù² , �V+L[\012�OÂi

j:+2 [20]. �ú�78Ù² , ¼«

ÜR(YÝ)�ÝûÜ?A½
 , Á,

�)V+Þ�¼aÄÒ�V+ [21]. ß

à�«¬]���á��eâ�mÔ

Ýåãï , YZäaÄÒ�� .f

å������2 . Áú¥M
 , �

 Ã��012<B�«¬](Ù 1,

� 2), *FG�c�Ä¼� .fæ

çXÚ-å . ­®¯èéÂ§¨�F

] , PêëFD���FDaÜ , �

�Âìú:T» , ÞZE012� 

Ú²~�� , �¼�*§¨¹��°

.-°³u¥M012�cuí.

3.2 �	
�����
����

(D��
��Ã012¾� ,

klE� ij�ÞÐÜ;ú2H%

01���m01N���'¼KÞ

Ð . [\]^_012��[\tu

�01 , ��«¬]012�î�F

G�kl� , 2H�ÞÐ4�ïð .

^_LO¤Wñ���åò , t¨D

���ó� -�ó� '¼, 012�fgh<p�`5[11]. t¨012
Á,�� +

2ôôLX×.f5/�hõ, ¹öq�÷ø.f���ù, 4�úv, MD �V+�Ð
�

ÔÕ%Õfm
, ¾¯b� SP- SSD�V+�Ð
�Ó*
, X×fmh<�012E� 

� 6 �������	
��
�������
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ijðÞúÁp�. �YZ78� 5 ¤¥M


 , ßà��F(� ij�4ykl , }

)`°.%°³u-µ¶uQ×¤u(ûn

�F]�¥M, ü4�B¥M÷m¥MV�

 ij�'¼¤L)`~��(Ù 1, � 2).

(b.f�V� +2´µ�noχfd -

χARM, EÃ5�<B�012Ãb�°.(Ù

1, � 2). �78�, t¨χÜ;*ÓÕ
Á
,� PSD/MD�V+,6ú-, Â�>0.1 µm

�.f(�¼��ú�:, Qä¦XÛf�

�V+4�»�ý¤fmh
 , ÞZχ*f
mh¦�-åþa[�, QÂLEu-½g

`w�¡ÞNO. (¨01N��'¼�k

l , �ÀðÉZCD , P012bfmh¦

*χARM KnowúÝgu- , Â�²01

N��'¼(� ij�klL`/�, �

�b.f� +2���<�A½
�����[22], 4yÞL�E*012bfmh¦�u

- 	
.

� 2 �������	
������
��� a)

χ SIRM SOFT χfd χARM χARM/χ χARM/SIRM SIRM/χ S-100 F300 Bcr

<2 µm 0.16 0.21 0.20 0.74 0.76 0.80 0.78 0.20 −0.46 −0.46 0.06

2~4 µm 0.25 0.32 0.27 0.62 0.71 0.69 0.60 0.30 −0.36 −0.28 0.16

4~8 µm 0.30 0.39 0.34 0.65 0.77 0.72 0.62 0.35 −0.38 −0.31 0.21

8~16 µm 0.30 0.44 0.37 0.50 0.69 0.64 0.48 0.46 −0.35 −0.21 0.35

16~32 µm −0.13 −0.04 −0.12 −0.27 −0.20 −0.13 −0.21 0.15 0.05 0.23 0.22

32~63 µm −0.35 −0.48 −0.44 −0.62 −0.78 −0.71 −0.55 −0.47 0.33 0.18 −0.32

>63 µm 0.03 −0.05 0.04 −0.22 −0.28 −0.37 −0.31 −0.17 0.27 0.18 −0.16

<4 µm 0.20 0.26 0.23 0.71 0.76 0.78 0.73 0.24 −0.43 −0.40 0.10

<8 µm 0.24 0.31 0.28 0.69 0.77 0.76 0.69 0.28 −0.41 −0.37 0.14

<16 µm 0.27 0.36 0.32 0.66 0.77 0.75 0.65 0.36 −0.41 −0.33 0.21

<32 µm 0.20 0.32 0.25 0.51 0.64 0.65 0.52 0.39 −0.36 −0.22 0.30

���� 0.08 0.02 0.09 −0.32 −0.34 −0.49 −0.46 −0.14 0.36 0.22 −0.04

���� −0.20 −0.31 −0.25 −0.57 −0.67 −0.68 −0.57 −0.36 0.38 0.25 −0.28

��	
 0.36 0.38 0.42 0.00 0.10 −0.15 −0.23 0.17 0.23 0.11 0.20

	� 0.57 0.59 0.58 0.17 0.37 0.02 −0.08 0.27 0.33 0.08 0.23

�� 0.53 0.55 0.51 0.05 0.26 −0.10 −0.19 0.22 0.39 0.12 0.22

a) 
��� n=151, r0.05=0.195

�� Irish ������	
��, Oldfield 
[13]�� ARM � ARM/χ������(<31

µm)������, ��� !"#$%&'����(���	)*+,.  -�.�/0

123����456789(: 2). ;<χfd�=>��	����?, %@A4B&���

=>��	)*+,. C�DEFGHI, JKL'M�NOP	 SSD QRS�=>�TU

	VW. XY, �/0123����, ��Z	=>��[�VW:\, χARM/SIRM ]�4

� 7 �������

��������,���������������,

��� ��!����
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^_ 100×10−5 m À−1, ab<�NcOQRSdefgh_	~200×10−5 m À−1�i[18], ��

Z	Q?S�&jklm�n4o���NOPQRS	p�, :\qr�����(�Q

RSdsMtGOP.  -VWu\, tv�(�QRS	OPwx, F�=>�TUMyz

�{,  �|}~����[23]����>[24~26]	
��45689.

3.3 ��������	

�-������	���, Q����*&���������	�)+,[1, 10, 27], t

�h_�����	��. F� M, ¡¢��£¤¥¦	����, §§¨I�_����

Q?(�, -©��ª¡, «e¬��	�­Q?®¯.  f-"� �<�­¡°-¬��

�¤±²³´µ¶	��M·*	, CwW��¤±_¸²³	¹, º»¼½¾¿<���

OYÀÁ	Q��Â�. ÃÄ, QÅ?­���	Æ.GÇMÈÉ	, �Ê����, Q?S

�����´-Ëh_Ì¨¡°, C��QÅ#$ÍXM%Î�Ï&*	. Ð�
�89, �

(���������_G���h_Ñ¯	ÒÓ&*, PÃ�ÔÕ����I, »¼Ö×¿

<��YØO	�����	Â�[28]. ;<χARM ���������	����?, %@F

&'=>��	)*+,, *<���	��ÙÚ, CFÛ�M, ��ÜQ?S�ÝÞÂ�´

µ¶, ßà7��I	QÅ�á.

4 ��

(1) /0123���	Q?�á¿ PSD/MDQRS¸de��QRS×âãOPÄ, �ä

�åræ_çè£¤éÞ	ê�Q?(�, %Î&'����	8ë.

(2) �@Q��&'�����	)*+,I, »¼½¾¿<��ØO	Q��ìXí

¤, �îÎÖ×.

(3) tv�(�QRS	OPwx, F�=>�TUMyz�{. w´ï���ÜÝÞÂ

�	ðñ, χARMòχfd%&'=>�óô<32 µm����	)*+,, �*<�����	Ù

Ú.
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