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Although the term “environmental magnetism” is
not widely known even among natural scientists, it is
one of the most efficient and powerful methods for
paleoenvironmental study as well as for pollution
monitoring. Magnetic minerals in various types of
sediments, including soil and roadside dust, can be
analyzed to show the pathways used to transport mate-
rials over the surface of the Earth, to suggest possible
sources of those materials, and further to reveal
physicochemical changes in sedimentary basins. The
magnetic methods used in analyzing the sediments are
basically non-destructive and very rapid. One example
of the applications of environmental magnetism is its
success in showing paleoenvironmental changes that
have occurred on the Chinese Loess Plateau during the
last two million years. This review is intended to
address the basics of environmental magnetism and
also to introduce some of the recent advances in the
field.

Key words: sediment, magnetic mineralogy, magnet-
ic granulometry, induced magnetization, remanent
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Fig. 1 Results of a computer search for the term
“environmental magnetism” in a commercial
database, Web of Science (Thomson). The search
found 195 papers published since 1998. The
upper panel of the figure shows the results of
topical searches: A (129) for paleoenvironmental
studies; B (32) for pollution related studies; and C
(34) for basic studies. The lower panel indicates
the types of materials studied: a (21) for deep-sea
sediments; b (33) for estuarine sediments; ¢ (21)
for lake sediments; d (34) for soil; e (21) for eolian
sediments; and f (34) for basic studies identical
with C in the upper panel.
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Table 1 Common magnetic minerals on Earth.

Saturation High-temp Low-temp

Mineral Formula magrneti- pha's? pha.s?
zation transition transition
(A m?/kg) (K) (K)
Magnetite Fe3O4 90~92 848~858 120
Maghemite yFe.03 70~80 ~870 =
Hematite aFe;03 04 948 ~260
Pyrrhotite Fe;Sg 20 593 34
Greigite Fe3S, ~25 = =
Goethite aFeOOH <) ~390 =

¥ 7 - otk 7 = ) Rtk FEERMEEL CREMEE
T T EDTE BLFOBBMEAZ LIT T I3 L P
Z&icT 3.
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Fig. 2 Fe-Ti-O ternary system. Titanomagne-
tite and titanohematite solid solution series are
indicated by the two thick lines. The dotted lines
show the oxidation trend.
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Table 2 Common magnetic parameters in environmental magnetism, denoted with a mass-specific SI unit.

Quantity Symbol Unit Definition
(Induced magnetization)

Low-field susceptibility XL m3/kg A magnetic susceptibility measured in a small
magnetic field (~0.1 mT)

Paramagnetic susceptibility xp m®/kg A magnetic susceptibility measured in a field above
the saturation of ferrimagnetism

Ferrimagnetic susceptibility xF mi/kg  =xL—xpr

Frequency dependency of x. Xtd % = {1 —x. (high-frequency)/x. (low-frequency)} X 100

Saturated magnetization M, Am?/kg Saturated magnetization at ambient temperature

Coercivity ; B. mT A back-field to make M; zero

(Remanent magnetization)

Natural remanent magnetization NRM Am?/kg A remanence acquired through various
natural processes

Anhysteretic remanent magnetization @ARM Am?/kg A remanence acquired by a small biasing dc field
in a decreasing alternating field

Susceptibility of ARM xarm m3/kg  ARM normalized by a biasing dc field

Isothermal remanent magnetization IRM Am?/kg A remanence acquired through exposure to a
field at ambient temperature

Saturated remanent magnetization M Am?/kg Identical with the saturated isothermal remanent
magnetization (SIRM)

Coercivity of remanence Ber mT A back-field to make M, zero
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Fig. 3 Example of a logarithmic Day plot for
samples from deep-sea sediments (Okhotsk Sea®?).
The mixing line between single-domain and
multi-domain magnetite is indicated by the
dashed line, after Dunlop and Ozdemir®. The
concentration of data points shifts from the
center of the diagram to the right side as the
sample positions being deep, suggesting a change
in the composition of magnetic minerals.

RILERXRTY YRAEDIGAE LT, First-Order Re-
versal Curve (FORC) & WHHIEB XL ITTbh B3 LS
X->T&7. FORCHIEL R, EDARICEFIE #7114,
TR AOENEEI TR I L5, RbhTEHFEICRIE
PRI ETA F —SH{LHREZEROIE 5 L T,
FORC diagram & WO RZEHR #3528, ChEHWVWS
&, HEPIRED L S TRXBEORKEBES W SHFEL
TORODNEEEAHETE 5. HMELHEREYh ORI
OHHEZEH S 5 A TREBYD THRNLAET, SERICHA
BIERL225 5. BERPEHETO FORCAIESLITHO
ELTWVW3, :

RS T OFERLOBEE L, MBKERERD 3
Eid, EXFY vREF UL BBRAEODEERD—DTH
3., ZDHOEEBLE L TREMIKEL VSM ABEVS
3y, BRATRBEIRKFEEHIVRIIL L&
5TH%. SQUIDEFLBEHE <7 % v FE2AEDE
rEREOXKE MPMS) TLERAESOIFETH 3. #
HKHR» SRDONBDIF 2 Y — A TR, D
BEECRHSE I bo—Ad B2 ik, RSy
DBAILERD 2 VWIMEEELI DLW TOFERGBE T &
HTE3, ok, BEKJRAE (SRLZITEEERT
b)) BIONBOWEICE > TRMERARTH 3.

44 REWLRAE

BRIBRRFE D DEF TIEROBRMMESLY A E 12 EBR
THAHDT, ZFEOERFAMLORMENSTTDNE. ZThbHD
Z RYST L B EHHEAROAF TR LAV
PHLOEVOT, UTICEHRAZRS V.

441 BARYH{L BARYW/L Natural Rema-
nent Magnetization; NRM) & 2, HEREYI® 2 0thoRi
s THRORRE] itk - THEB L -BERILTH 5.
Fa)—ml EoFEL, SRS EHIc L - TEBE NS
BRERI L, RSP THRBRFSERYICERTZIET
ESsh 2 HRERERL, MSPhTIYsRHT L EC
BET 2 {LFRIFMLE ENERLSDOTH B, BB, Ch
LD LA I/ PNEOESBI L.

NRM BHEBYISTER S hiz & X OHIRBEE A X7 b
MICEE@RLTVWBEEZONTWVWA, Lichi-> T, HIBKEE
B0 A RPEEOKMZBOFME Y — v LRI E &
T, WRYOERETBICTIRITEIILHTES (Hib
WMRUEMF). HEYETREEHHROAR L LTHL
B IcHITIRERZMS L BHANOT, HHIBSEAF
BRI IR ELT L,

442 FEEHERBREC FEEBEHERIER/L (Anhy-
steretic Remanent Magnetization; ARM) (%, 100 mT &
EoRME L 0.1 mT BEOEKES% R Hc S
Z, RREIBE I AR L — X ICHES S L S ICEBXN
ZERFEMLTH 5. Rifis ERESVThHL TS
KEMYH 5. T 0 HEFREE THRE(LL T ARM Bt
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RELTHVREAHE ., KL, RS —#Na
HBoLRTH 3 100 mT BEZESBAVE V.

ARM 3 BRXKIF THIZRRICER S 0L 5 & 0 5 BUOhL
BIKEHL D 520, 22T, HEEIcHBLERE, Hhc
ARM Bi{L®R% & 5 &, HEYTOREIYIONE L SR
BOZEZDLP VLT ARRTEIEMNTES, %
King plot®? &PV, EEMLFELLTEHIATY
3.

443 FEREHIL FEERFEML (Isothermal Rem-
anent Magnetization; IRM) i3, #kHcBERES%EAd
3L THBSEIRER{LTH 3. BIFOKE S I3ER
BISRRE» SREMIcE MG T I T BRI TL
3., ¥ IRM OEBRERUNDBEFEBRTITO>C LD
b5, LBEBOBRAOD/ VR <2/ %y b EREDEERAV
BH LA, VSM £ MPMS %AW T X D $hREITFT
3T EHfTbOTVS,

IRMOIGATELHVWOhBAELLT, WbWw3S
ratio tLWbhTW3—EHoWMdH 3. hdfafise
72 IRM (SIRM) icxid %, faflicE TE SR VWRIE T
BsHLLIRMOKT, K<HVWOhBbDLEL T
S o371 MH A%, ThidFREdbsARICtAISE /b
&, BoaAmIc —03 T OB TIRM 2#B & 5%,
03T EWVWOHBHBREBAD <7 % ¥4 b OBRERALE Wi
XEBDICHBLHIEETHS. 2F D S_g37 FREKD
DRIT2I4 POFEELERLTVELEBRTES. 0
BREEDO[EIE, FVBREIEMCE U TEELF I
SEHTHLWVWAS A =9 %D BT ENTES®, S 31
EEL PPt 2 —F I HIRMAH 3%, Zhid S_oar
LM, RESHH 03 T P EomiiyickER s 3
IRM O#ESHEZR L TV 53,

COHBEE X DEEICTS 08, IRM ESihRO 5i2
(IRM unmixing) EBFRENTVWBHETH 3. HEEYH
KEBORESMORR»EThTVwWE LT 3L, 2hE
hoSYRFARFEORMNONHE2S->TVEIRTTH
3. ThZhoREOHORAOCK/LHREEREDY
b0 H IRM EBhRIZ L ZA T, YRIEL LT D
A5 IRM unmixing Th 5. EERIC 355RIBD S ERS F
TEBRPETIRM 2H8 58, Z0ESHEEZV>HD
REDOTICHEIT 3. COLEHVARHNIIHDOEF NV
ICRYUARZCOBHENSD D, ThiEHZZ 3 hTHEE
DOHEBRBEN TS0, 2 kRO
MTOWTHEEICBLUBRESZ T B, HLFT
bHRIETHEDT, TEFMEFEMENDH BT EICEESY
BETh3. BLEEHERL TEALZIBEHITKRD LB
HBH, 1:&ZE MPMS ZHVhid 100 SHLEORBSI

*3 FHERIES os7={1—(URM 031/SIRM)}/2 G, 00 <
1.0 O#FEFTE(LT 5.
*4 E&INE HIRM=(SIRM+IRM o371)/2.

SWTIRMEZRHB I EHELTEHLELTE S,
RTRBE N5 2 —4% & LT Lratio b 5%,
Z 1 13 IRMareumt/IRMareLmt & \ 9 T & 3.
IRMareimt 2 IRM %2 H E WSO IS TRRIBERL 2B T
HD, IRMarermt (& LH>L) &5 BESTRIGERL L 72
ET®H 5. #RIBL7 Liu 513 H=300mT, L=100mT %
BuTWw3, #oickhid Lratio BEREMS Bo) @
AHERTBUVES 2 —4Th 0, REhoSRE RS
ZRRBZ ORI EFRLTVS, L, 300mT
&V I &S SRS TRIRIHREY T & 2%BII—RIITIR
A4 AN

HETEB/S €/ IRM s (BuEk) L CEES
EFARBZIL L TONh A, BREBMLIFERLL R
D, BECXZEM (Fv7oyF v/ 7EE) B+al)—
REDERANCEHT 2BEBEZ V. ThRRESHP L
7 o BRMIDHOEEBVHS - TH Y, MHEEMEX
AT B1HOFARBERICIEY 55, TOHEZEZBRDTH
icRBEEDd Lowrie Itk > TERI - HETH
538 Rz x #hAMEICE ST 1 T LI EORIE T IRM
ZHERIE, DOVWTERT S yiAREIC/kEZAIE D —
44 FHIRM ZHEBTX3 04T THLE ¥, BREOD 2
MARICZ 7% 54 ML EDEFRRIRSZMLEE 2D
Ic+4372 012 T TRifbE¥7-. Thicky, —oRE
KE2OHEWICERLAHESIRM 2RI LEMT
%, CORAREZBHEHT S L TREBEMARS T ED
BEUEFRIFICANE I ENTE S, COHEIRIEHKRLE
BELEE LRV, EFCHRNLENI:HETH 3.
SRz T T, BRETORILAES X< AVWSH
TW3, KRTORERIREORILE LET 2 BBV
OT, HEYPLORERIFICRIELLHETHE. K
IZ MPMS 038 & L 7z < & TIEIR TORBIE D HlHsig 2
29255, LLAVWLNTVWAAEELT, 5K ¢S50
ERTHEC IRM 2#EBs ¢, th2FEEBIcRESHE
BASHILOZELER 3 FETH 5. Rbldhic<r%251
F3bHniE, # 120K T Verwey transition®® »EIZE &
3. Verwey transition 2, 7z & ZiE X B CIRAE
BRHTERLVWXILUHBE S 2714 bLOBEETOTVE
WIS THHRICEHN S, 2hiZFTclil, EEB{LL T
Whid Verwey transition BEBEMICER LTV 7 b L
720, TIEERICK > TRELED B3 EIEFEITREHN
TH54, %7, Fo—%A i3 34K CRBKLSHELES
RTTEBHONTVWBEHNY, SLAH4 MOV TRIE
BHEEEBIERIO TRV, ULhl, FREHCHYE
T XTIHVWTERTOREBOFESHERIhTY
AbhiF TR,

KB R E i< 3B DB EN L 72 IRM o #l 5E (field-
cooling), WtLRBPLE X7 v 2 DEEFHRIER & B
DHENSD S, SBROFEBNL- L bAFENBLIAT
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3550, FHEHOHLETIDATEEDBZI LILT 3B,
5 Bf ® Hl

BEMIFNLTHENED LS IThbhATuaMicoV
TRITICITEEBLE. CCTR2AEIENE-ES
A L Bbh aP%8N 4 5.

5.1 HRIEXE

REMIIFNZFEE, ERYDPORBLYME b L —
Y—& L THIRTITONW I YEBRSHO 70t 2218 3
C&T, BELIMEOER, HEAHE: - 2K - Bk,
Z L THRAVE - L RBEB L LA HET 3. 2045
BHROHF TS - & bEFMICITDN, BETLZTD
TV TEELBOWETHAS.

BiEschidlFEshTwaEHE, 2 -5y 7k
BEORER % EW B[EREKERRTES - L~ RUELEH %
BT H1:0DERBEETNTVEINSTHS. EAKRBT
HAHELEI, 775<HvPEE TEDEICYEYISIE
Fhb3LEZONTED, ZIhoRABREAICE->TEEF
NTHEPRFOETBFRICHERT 3. L RS2
RAARICK > TE S IcRICEITh, BRI B ALK E
FEETHRDE LTEES 3.

ABIDOE S ZEANICELBSETH S, 00, Kb
AEBTEC - BISEHC 28D 2R EN S, L
L, RIBYTRE L - BV IEBECEEH O L 5 1oi%
KRELHOMBYICRONTWVWS, & SICRRBE IR
EHET BIRHLE 5 2 {LACHRERM AL EE 20058 L
V. &AM, AIBOVIB{LROEE s — i3, BRE
5 S VWERBEHERYNIESE L TV ABEEER GBX
DRBD 7O F v—LEIOLNTWVWES) OLEF sy — v &
—HTEILEBRVIEENDTHED, 2%y, LB
DRIEMSFN LTI L - T, F1H TABEAROBRIEZE
PEBIRERI NS 7o — VR KRBTSO 06 & BIR
S THRT B EHAEICE - 1-DTH B, CDIED
TREEHARICBI B M 82 PRIEBICAZh o s
Wwiks,

AL, EELTE,S LB TBORZEDOHAIL,
KTl Z > B L IMRBUE-TVWE, 2D
2, HEBOWMUIRT S EIINEHOBEREES -0
DHRABETHHENTVE, LA, TTETHBAICKED,
BEELTVLREVZ XS, &5, BtBOVRILERE
B, RBEERYORTBRRBMALES &G 51
TR, KERNSHORKBROZEFH LBFKRLTVE LW
I T EHREINTV3* (Fig.4). 2% b, FREL®RIL, b
HELBIBOWTRBAKBO 7o :vy—1Lohd LAk
DTHB. COXIICHHRERE - EREO 7o+ v —
ELTOERBEE2SH>2H 3.

5.2 FLEE

RIEMIFH L FESTIECKROFLABECEHS O

SPIBIEN D D05 5. RERITHORESEL - BHRT
URD NBHIERBEHOPE L 2HAEDEZ T LT,
FefEAIC S ZERIMNIC B IEA D D & 2 FEHEHERET H
545).

REABCHINSFESELTE 2013, AR0ES
KL > TREVSSHKICE > THERSNZH5THS. “hid
Bt NS ETELEEME LTRHAL TV A H YT
{, TEARIHTHREREZIAS T & THEDICER(LSE 1A
SEIEDTEHOTHBY. BVBABZEUCEERICE S
TEELVS I LETREV. 25 TRV, ABOES
PERERICHEOBWSKESCWEEZERO LS ITELT
W{DTH3.

IR ICESKET IS & 7' F VORBE D 55, 4.1 TR~ &
IICHFETRRETH S I ENEFICEETH S L3
WLz hiEsSny, TERNEEE (LR RFET
ST i, BRHILUFEL D EVEETABN IS
BOEEFTIILRULABETHAS. LirL, 24
CET RECERR, MRNEFEE R OIS
WK HLVWERIEODICKEE T EMNBBICTFHEIN 3.

7: & 213, Hoffmann 57 Y b ¥— VifWICEHIC K 3
BRBEDE S IKIEMS->TWVWBEO0h%, +EOFRLRA
BICL->TRBIRLAY. ChidEMT 2E» OHH X
NBHRP, 54 Y « EEOHHEKIC, BHRRLXVBVL
RNVTHEDBEINTOENSESS. Thdid, Bbsks

L, Rainfall decrease (mm/yr)

S, Rainfall increase (mm/yr)

42r l+200

Huang e

Beijing
[

1
100 110 120
Longitude

Fig. 4 Magnetically estimated decrease (upper)
and increase (lower) in annual precipitation in the
central part of China (Redrawn from Evans and
Heller,” p. 153, © Elsevier, with permission of the
publishers).
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"19°E
100 km

Poland

S50°N

Susceptibility (10-8 m3kg-1)

Fig. 5 Map of the low-field susceptibility around
Upper Silesia (Poland), suggesting industrial pollu-
tion (Redrawn from Evans and Heller,” p. 214, ©
Elsevier, with permission of the publishers).

LTHBIcERE N 3 2 &L THRtREEY, BRRKED
THEEORCI Y IR P ERLEZDTH 3.

H303, LG S OBHEROBERY (7547 v
va) OIEMY %, EU L LEOPBALRRAE TREICH
EHLAFGEWY, Z20L5 KHEFITIZ 12 100 km
EWH B TOENSD 2 b MROBEEESHEETIT-T
W3 (Fig.5). 5\, ABEWNRETHETRIEIAKDE
KFBEVIFLOAEGERNZND 2255, RO
TR, o—<HRIRZEVELITEASFH VY EVWSER
oL PM A FOREMEIE BT, BEERBMLTZD
PRALRII EZRIEST 2 T & T HROBELRRRERT C
EIRRIL TV A, o0& RHEIIHR S & oRkic
B L EBRONFOREHFEL LT, SHRORBEBIEKVIC
BEsn 3,

6. & & ¥

RERIFNLHROBIET LA, TOFELL IS
WIS iR 2 KA 1o 08, HIERBIZEOh T L
BOMARNTFTHEIL bbb, ETETTERVIIETL
OMRILRIZLHFE V. 1, MIPIRITHED ok
NPEFEH L Lo nWT, EBY - BEENICERTE L
Mo ltDTRIBEVWHLEVIINDL TV S,

BAKLEERTIRS 24, JONFRIMHEHEE LD’
FFRICL » Th - RS UTREBHEFERLIZ ST TH S, &
DEIURHRET>-TVBLERLEIKRZINTIFIRbL—
VavdlT, 1EZAFRTRIAMEATIA NDAD
WHEGNT DO TOEBHIBIERS T L E v icdbane
ETHB., H5VHIYEOHARTIRS 5L VATON
Hic-Twarohblhnwc ey, FLATETL
BROWDOTRITVWHEELILENHSE. bLAMICZEIL

5, NHMDI I 2= —va vEBLTAIEHNRIEN
BLILAS.

T, RRICBRIBELBBENSHAREETEI LT3
L, BATRBRINE /A XHBETETCES IcFEHL
TEMBV., CoHRBZTSSHERNICRIRTEZ 20T
BOhEZBITVE, 505 ERTOREOEPIRED
HEFESES &2 BBREL 2.
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