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Present Situation and Prospects of Researches on Weathering Crust
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Abstract Weathering crust is an interaction interface between the lithosphere the atmosphere the hydrosphere and biosphere and
thus keeps abundant information concerning the evolution of the Earth’ s multi-spheres. It is a traditional work to reconstruct palaeo-
geographical conditions according to the zonal principle and the signals distilled from the weathering crust. Recent successful applica-
tion of the laser **Ar/* Ar dating technique of single crystal and’ double-surface” model to weathering study pioneers a new aspect of
research on global change. The synthetical study of weathering crust can not only yield high-resolving records of environmental change
in denudation areas of continents which provide a wide perspective for comparison of weathering episodes events with others global
tectonic-climate events but also redound to an accurate quantification of weathering processes which is in favor of a profound under-
standing of coupling relationship between tectonics weathering denudation and climate and an appropriate estimation of human im-
pact on future climate.

Key words chemical weathering weathering crust weathering geochronology ~weathering stratigraphy

19 Wiesner 1999

Rogers 1848
Chamberlin 1899

pCOz
pC02
Budel 1957 1
’ ’ Belt 1874
Ollier 1985
20
80 1883 Hokyuaes
20 90 White 1995
2000 Ollier 1988 Lidmar 1995 Bouchard
1995 Brady 1994
Bloom 1998 1999 2000 Kump 2000 Ollier 1985
Horvath 2000 Taylor 2000
(1998040800 KZ951-A1-204 KZ95T-06

2001-9-13
1969 E-mail lidewen @263 . net



2002

284
2001
- Ma Yinjun 1999
2000 1999
Strakhov 1967 Nahon 1991 Mar- 2000a b
tini 1992 Robinson 1994 2000
JiHB 1999 Wang SJ 1999
Strakhov
Cenupepcros 1986 @
Marker 1997
@) Albertinia ~ Mossel
4
Bopucesnu 1989 2000 Soler
2000
1998 1999
Jenny 2000
Jenny 1941 1983 2001
CaCOs 30
Bird
1989 1993
Girard 1997 2
Vas-
concelos 1999
1988
/
Right 1995 / Vasconcelos 1994
- 1999
/
Ding L 2000
Sherman 1968
900 mm 1 000 ~ 1 100 K-Ar  Ar/Ar
mm 20 60
K-Ar
1987
Chukhrov 1966 Shanin 1968
K-Ar
SEM X
XRD X XRF Mossbauer 20 90 A1/ Ar
DTA FTIR
0.1 mm 0.066 mm Hautmann
Smith 1995 2000
20 90 Vasconce-
los 1992 1994 Carajas
1999a b 2000 Vasconcelos 1994 400 ~
700 m 3 65 ~69Ma 51 ~ 56 Ma 40 ~
1999 2000 43 Ma
200 ~ 300 m

JiHB



3 285
Dammer
1996  Hautmann 2000
25~1 Ma
OAr/3Ar
@ .
65 ~ 70 Ma
@ King 1949
King ” 4
Vasconselos 1999
2 AP-
wP APWP
i Schmidt
@ Vasconcelos o chmt
1994 1976 Idnurm 1978 Schimidt 1983
® 40 7L/
Ar Schmidt 1976 1d-
Henocque 1998 furm 2
Schmidt 1983  Idnurm 1986
2
APWP
3 5~10 Ma
Budel 1957 B Y Gehring 1992
ude APWP
2
1 x
10%a 30°
90°
Cui 7] 1997 1999 1999 2000
2
De O-
liveira 1998 Parana
2 XRD
FTIR  Mosshauer Budel 1957 Macfarlane 1976 Nahon 1970
Theveniaut 1999
AP-
WP Ix10% 2x10%
Finkl 1984 Tardy 1992
Tardy 1992

Sillitoe 1996

19.0+0.7 Ma 18.1+0.7 Ma 17.6+0.6 Ma 16.8
+1.2 Ma 16.5+0.5 Ma 15.2+0.5 Ma



286

2002

5
Lucas 2001
Meybeck
1987 -
1899 Chamberlin
CO, Barker
1996 pCO, Ca-Mg
Ca-Mg Berner
1983
C-Si
pCO, Gwiazda 1994  Schwartzman
1991
Kump 2000
Robert 1987
McCauley 1997
“ " Berner 1983 1994 -
Brady 1994
CO,
Amundson 2001
Fe Mn Co Cu
1999 1997
2000 1997
1997 2000
1999

CenmeepcroB 1986

Jacobson
2000
. 1997. -
. 154 91~96.
.1997.
15 3 244 ~251.
. 2001 .
D 316 510~519.
.2000.
20 1~7.
.1987.
24~ 40.
.1999.
54 3 193 ~203.
.2000.
55 2 200~ 208.
. 1998.
. 1999.
18 4 309 ~318.
.2000.
) 18 4 289 ~295.
.2000.
19 4 301 ~307.
.2000. -
- . 351 55~59.
. 1999.
353 14~16.
.1999.
426 765~771.
.1999.
265
21~23.
.1997.
16 3 183 ~185.
.2000.
191 54~59.
.2000.
6 4 605~ 606.
.2000.
181 7~12.
.2000.
) 29 4 402~ 408.
1999
28 3 281 ~288.
. 2000.
. 5 471 ~480
. 1988. 225 ~226.
References

Amundson R. 2001. The carbon budget in soils. Annu. Rev. Earth

Planet. Sci 29 535~562.

Barker WW  Welch SA  Banfield JF. 1996. Biogeochemical weathering

of silicate minerals. In Geomicrobiology Interactions between mi-

crobes and minerals Reviews in mineralogy eds by Banfield JF
and Nealson KH . Mineralogical Society of America 391 ~ 428.

Belt T. 1874. The naturalist in Nicaragua. Chicago
Chicago Press. 326.

University of



287

Berner RA  Lasaga AC  Garrels RM. 1983. The carbon-silicate geo-
chemical cycle and its effect on atmospheric carbon dioxide over the
past 100 milion years. Am J Sci 283 641 ~ 683.

Berner RA. 1994. Geocarb a revised model of atmospheric CO, over
Phanerozoic time. Am. J. Sci 294 56 ~91.

Bird MI Chivas AR Andrew A.1989. A stable isotope study in lateritic
bauxites. Geochim. Cosmochim. Acta 53 1411 ~ 1420.

Bird MI Longstaffe F] Fyfe WS et al. 1993. An oxygen-isotope study
of weathering in the Eastern Amazon Basin Brazil. In Climate
Change in Continental Isotopic Records. Geophys. Monogr. 78
295 ~ 307.

Bloom AL.1998.Geomorphology A systematic analysis of late cenozoic
landform. Printice-Hall Inc.

Bouchard M Jolicoeur S Pierre G. 1995. Charateristics and signifi-
cance of two pre-late-Wisconsinan weathering profiles  Adiron-
dacks USA and Miramichi Highlands Canada . Geomorphology
12 75~ 89.

Brady PV Caroll SA. 1994. Direct effect of CO, and temperature on
silicate weathering  possible implication for climate control.
Geochim. Cosmochim. Acta 58 1853 ~ 1856.

Budel J.1957. Die dopplten einebnungsflachen in den feuchten tropen.
Z. F. Geomorphologie 1 2 223 ~225.

Cao ZL Zhao XK Wang YM et al.. 1997. Modelling reseach on the
rock-fluid reaction dynamics of the fossil crust of weathering in the
north of Ordos basin. Acta Sedimentologica Sinica 15 4 91 ~ 96

in Chinese with English abstract .

Chamberlin TC. 1899. An attempt to frame a working hypothesis of the

cause of glacial periods on an atmospheric basis. Journal of Geology
7 545~584.

Chen ZC Yu SJ Fu QC et al.. 1997. Study on the organic metallo-
genic mechanism of weathering crust REE deposits. Journal of the
Chinsee Rare Earth Society 15 3 244 ~ 251 in Chinese with
English abstract .

Chukhrov FV  Shanin LL  Yermilova HD. 1966. Feasibility of abso-
lute-age determination for potassium-carrying manganese minerals.
International Geology Review 8 278 ~280.

Cui Z] Gao QZ Liu GN et al.. 1997. The initial elevation of
palaeokarst and planation surfaces on Tibet plateau. Chinese Science
Bulletin 42 11 934 ~939.

Cui Z] LiDW Wu YQ et al.. 1999. Comment on planation surface.
Chinese Science Bulletin 44 22 2017 ~2022.

Dammer D Chives AR McDougall 1. 1996. Isotope dating of super-
gene manganese oxides from the Groote Eylandt Deposit  Northern
Territory Australia. Economic Geology 91 386 ~401.

De Oliveira MT Formoso MLL Trescases JJ et al. . 1998. Clay mineral
facies and lateritization in basalts of the southeastern Parana basin
Brazil. Journal of South American Earth Sciences 11 4 365 ~
377.

Ding L. Zhou Y Zhang JJ et al.. 2000. Geologic relationships and
geochronology of the Cenozoic volcanoes and interbedded weathered
mantles of Yulinshan in Qiangtang North Tibet. Chinese Science
Bulletin 45 24 2214 ~2220.

Duan L. Hao JM Ye XM et al.. 2000. Study on weathering rate of soil
in China. Acta Scientiae Circumstantiae 20 Sup. 1~ 7 in Chi-
nese with English abstract .

Finkl CW. 1984. Chronology of weathered material and soil age deter-
mination in pedostratigraphic sequences. Chemi. Geol. 44 311 ~
335.

Gehring AU Keller P Heller . 1992. Magnetic evidence for the ori-
gin of lateritic duricrusts in southern Mali ~ Western Africa .
Palaeogeogr. Palaeoclimatol. Palaeoecol. 95 33 ~40.

Girard JP  Razanadronorosoa D Freyssinet P. 1997. Laser oxygen iso-
tope analysis of weathering goethite from the lateritic profile of
Yaou French Guiana paleoweathering and paleoclimatic implica-
tions. Appl. Geochem. 12 163 ~174.

Gong ZT.1987. Biogeochemistry of the red weathering crust. In  Soils
in China. Beijing Science Press 24 ~40 in Chinese .

Gwiazda RH Broecker WS. 1994 . The separate and combined effects of
temperature soil pCO, and organic acidity on silicate weathering

in the soil environment Formulation of a model and results. Global
Biogeochem Cycles 8 141 ~155.

Hautmann S Lippolt HJ.2000.%“Ar/* Ar dating of central european K-
Mn oxides-a chronological framework of supergene alteration pro-
cesses during the Neogene. Chemical Geology 170 37 ~ 80.

Henocque O RufffetF Colin F et al. . 1998 .“0Ar /3% Ar dating of west
African lateritic cryptomelanes. Geochim. Cosmochim. Acta 62
2739 ~2756.

Horvath Z Varga B Mindszenty A. 2000. Micromorphological and
chemical complexities of lateritic profiles from basalt Jos Plateau
Central Nigeria . Chemical Geology 170 81 ~93.

Huang ZG  Zhang WQ Chen JH. 1999. The Change of natural zones
and the evolution of red earth in China. Acta Geographica Sinica 54

3 193 ~03 in Chinese with English abstract .

Huang ZG  Zhang WQ. 2000. Coupling relationship between the red
earth evolution climate change and tectonic movement in China.
Acta Geographica Sinica 55 2 200 ~ 208 in Chinese with English
abstract .

Huang ZG. 1998. The red weathering crust. Beijing Ocean Press in
Chinese .

Idnurm M Schmidt PW. 1986. Palacomagnetic dating of weathered
profiles. Geol. Surv. India Mem 120 79 ~ 88.

Idnurm M Senior BR. 1978. Palacomagnetic ages of late Cretaceous
and Tertiary weathered profiles in the Eromanga basin Queens-
land. Palaeogeogr. Palaeoclimatol. Palaeoecol 24 263 ~272.

Jacobson MC  Charlson RJ]  Rodhe H et al..2000. Earth system sci-
ence. San Diego Academic Press.

Jenny H. 1941. Factors of Soil Formation. McGraw-Hill New York.

JiHB Ouyang ZY Wang SJ et al.. 2000. Element geochemistry of
weathering profile of dolomitite and its implications for the average
chemical composition of the upper-continental crust-Case studies
from the Xinpu profile northern Guizhou Province China. Scien-
cein China D 43 1 23~3.

Ji HB Wang SJ  Ouyang ZY et al.. 2001. Paleoogenic origin of
dolomite in a basaltic weathering profile Kohala Peninsula Hawai-
i Comment. Geology 29 6 563 ~564.

King LC. 1949. On the ages of African landsurfaces. Q. J. Geol. Soc.
London 104 439 ~453.

Kump LR Brantley S Arthur MA. 2000. Chemical weathering at-
mospheric CO, and climate. Annu. Rev. Earth Planet. Sci. 28
611 ~67.

Li DW Cui Z] Liu GN. 1999. Existence of palaeokarst on Tibet
plateau and its correlation with the karsts of the Eastern District.
Carsologica Sinica 18 4 309 ~ 318 in Chinese with English ab-
stract .

Li DW Cui Z] Liu GN.2000. Feature and origin of covered karst on
Hunan Guangxi Guizhou Yunnan and Tibet. Journal of Moun-
tain Science 18 4 289 ~ 295 in Chinese with English ab-
stract .

LiJY Zhu LJ Liang F. 2000. Characteristics of structure and mine-
ralogy of interface laterite in weathering crust of carbonate rocks.
Carsologica Sinica 19 4 301 ~ 307 in Chinese with English ab-
stract .

Li RW Chen JS Chen ZM. 2000. Characteristics of the C-and O-iso-
topic compositions of carbonates in the weathering profile at the un-
conformable boundary between the Early Cambrian and Late Pro-
terozoic in Ji County North China. Scientia Geologica Sinica 35

1 55~59 in Chinese with English abstract .

Lidmar-Bergstrom K. 1995. Relief and saprolites thoutn time on Baltic
shield. Geomorphology 12 45 ~61.

Liu GP Wang DB Xu Y.1999. The types metaiiogeny expioration
of lateritic goid depositsin China. Geology and Prospecting 35

3 14 ~16 in Chinese with English abstract .

Lu SG Dong RB. Yu JY et al.. 1999. Magnetic measuremant charac-
terization of red earth profile in Eastern China and its environmental
implications. Chinese Journal of Geophysics 42 6 765 ~ 771 in
Chinese with English abstract .

Lucas Y. 2001. The role of plants in controlling rates and products of
weathering importance of biological pumping. Annu. Rev. Earth
Planet. Sci 29 135~163.

Ma YJ Liu CQ. 1999. Trace element geochemistry during chemical



288

2002

weathering-As exemplified by the weathered crust of granite Long-
nan Jiangxi. Chinese Science Bulletin 44 24 2260 ~ 2263.

Ma ZF Zhou SX YuZP et al.. 1999. The weathered paleocrust on the
Ordovicianin Ordos basin and its relationship to gas accumulation.
Petroleum Exploration and Development 26 5 21 ~ 23 in Chinese
with English abstract .

MacFarlane MJ. 1976. Laterite and Landscape. Academic Press Lon-
don.

Marker ME McFarlane MJ. 1997. Cartographic analysis of the african
surface complex between albertinia and mossel bay southern cape
South Africa. South African Journal of Geology 100 3 185 ~
194.

Martini IP Chesworth W et al. . 1992. Weathering soils and paleosols
development in earth surface processes 2. Amsterdam Elsevier Sci-
ence Publishers 618.

McCauley SE  DePaolo DJ. 1997. The Marine 8 Sr/% Sy and 0O
records Himalayan alkalinity fluxes and Cenozoic climate models.
In Tectonic Uplift and Climate Change eds. by Ruddiman W.
F. . Plenum Press.

Meybeck M. 1987. Global chemical weathering of surficial rocks esti-
mated from river sissolved loads. American Journal of Science 287
401 ~ 428.

Nahon D Millot G. 1977. Enfoncement geochimique des cuirasses fer-
rugineuses par epigenie du manteau d’ alte ration des roches meres
greseuses. Influence sur le paysage. Sci. Geol. Bull 30 4 275
~282.

Nahon DB. 1991. Introduction to the petrology of soils and chemical
weathering. New York John Willey & Sons Inc. 313.

Ollier CD.1988. Deep weathering groundwater and climate. Geografiska
Annaler 70A 285 ~290.

Right D Meunier A. 1995. Origin of clays by rock weathering and soil
formation. In  Origin and mineralogy of clays eds Velde B
Berllin  Springer-Verlag. 43 ~ 161.

Robert C Chamley H. 1987. Cenozoic evolution of continental humidity
and paleoenvironment deduced from the kaolinite content of ocean-
ic sediments. Palaeogeogr. Palaeoclimat. Palaeoecol. 60 171 ~
187.

Robinson DA Williams RBG et al..1994. Rock weathering and land-
form evolution. Chichester John Wiley & Sons Ltd. 519.

Rogers WB. Rogers RE. 1848. On the decomposition and partial solu-
tion of minerals and rock by water and water charged with carbonic
acid. Am.]J.Sci. 5 401 ~405.

Schmidt PW  Embleton BJJ. 1976. Paleaomagnetic results from sedi-
ments of the Perth Basin  Western Australia and their bearing on
timing of regional lateritisation. Palaeogeogr.
Palaeoecol 19 257 ~273.

Schmidt PW. Curey DT. Ollier CD. 1986. Sub-basaltic-weathering
damsites palaecomagnetism and the age of lateritisation. J. Geol.
Soc. Aust 23 367 ~370.

Schmidt PW. Ollier CD. 1983. Palacomagnetic dating of late cretaceous
to Early Tertiary weathering in New England N.S.W. Australi-
a. Earth Sci. Rev 25 363 ~371.

Schmidt PW. Prasad V. Ramam PK. 1983. Magnetic ages of some In-

44 185 ~

Palaeoclimatol .

dian laterites. Palaeogeogr. Palaeoclimat. Palaeoecol.
202.

Schwartzman DW  Volk T. 1991. Biotic enhancement of weatnering
and surface temperatures on Earth since the origin of life. Paleo-
geogr. Paleoclimat. Paleoecol. 90 357 ~ 371.

Shannin LL Ivanov IB  Shipulin FK. 1968. The possible use of alunite
in K-Ar geochronometry. Geokhimiya 1 109 ~111.

Sherman GD lkawa H. 1968. Soil sequences in the Hawaiian Islands.
Pacific Science 22 4 458 ~ 464.

Sillitoe RH McKee EH. 1996. Age of supergene oxidation and enrich-
ment in the Chilean porphyry copper province. Ecom. Geol. 91
164 ~ 179.

Smith B]  McAlister JJ. 1995. Mineralogy chemistry and palaeoenvi-
ronmental significance of an Early Tertiaty Terra Rossa from Nor-
thern Ireland A preliminary review. Geomorphology 1995. 12 63
~73.

Soler JM  Lasaga AC. 2000. The Los Pijiguaos bauxite deposit

Venezuela A compilation of field data and implications for the
bauxitization process. Journal of South American Earth Sciences 13

1~2 47~65.

Song CC Zhang BL.1997. Formation of residuum and its role on the
gold-placer mineralization in the north of Heilongjiang province.
Bulletin of Mineralogy Petrology and Geochemistry 16 3 183 ~
185 in Chinese with English abstract .

Strakhov NM. 1967. Principles of lithogenesis. V. 1 transl. by
Fitzsimmons JP. . Edinburgh Oliver & Boyd Ltd. 245.

Sun CX Wang SJ Liu XM et al..2000. Review on the dating of the
weathering profiles. Bulletin of Mineralogy Petrology and Geo-
chemist 19 1 54 ~59 in Chinese with English abstract .

Tardy Y Roquin C. 1992. Geochemistry and evolution of lateritic land-
scape. In  Martini I P Chesworth W. eds. Weathering Soil and
Paleosoils. Amsterdam Elsevier 407 ~ 443.

Taylor R Howard K. 2000. A tectono-geomorphic model of the hydro-
geology of deeply weathered crystalline rock Evidence form Ugan-
da. Hydrogeology Journal 8 279 ~294.

Theveniaut H Freyssinet Ph. 1999. Paleomagnetism applied to laterite
profiles to asses saprolite and duricrust formation process the exam-
ple of Mont Baduel Frech Guiana . Palacogeography Palaeoclima-
tology Palaeoecology 148 209 ~231.

Vasconcelos PM Becker TA  Renne PR et al..1994. Direct dating of
weathering phenomena by OK/Ar and *Ar/* Ar analysis of su-
pergene K-Mn Oxides. Geochim. Cosmochim. Acta 58 1635 ~
1665.

Vasconcelos PM Becker TA  Renne PR et al..1992. Age and duration
of weathering OK/AAr and *° Ar/* Ar analysis of K-Mn Oxides.
Science 258 451 ~455.

Vasconcelos PM . 1999 . K- Arand* Ar/*° Ar geochronology of weathe -
ring processes. Annu. Rev. Earth Planet. Sci 27 183 ~229.
Wang SJ Ji HB Ouyang ZY et al.. 1999. Preliminary study on weath-
ering and pedogenesis of carbonate rock. Science in China D 42

6 572~581

Wang YX Li HM Yang JD et al. 2000. Discovery of palacoweathering
type rare and rare earth element deposits in Northern China and its
significance. Geologica Jounal of China Universities 6 4 605 ~
606 in Chinese with English abstract .

White AF Brantley SL. 1995. Chemical Weathering Rates of Silicate
Minerals Reviews in Mineralogy vol.31 . Chelsea Book Crafters
Inc.

Wiesner E. 1999. Weathering beneath lateritic profiles. Bull. Eng. Ge-
ol. Env. 58 71~74.

Xiong SF DingZL LiuDS. 1999 . Comparisons of grain size characte -
ristics of red earth from southern China with that of loess and dune
sand from Beijing region. Chinese Sci Bull 44 18 1690 ~ 1693.

Xiong SF Ding ZL.  Liu DS.2000a. The worm-shaped veins in the red
earth of South China-Pedological evidence for root traces of past fo-
rest. Chinese Sci Bull 45 19 1800 ~ 1804.

Xiong SF Liu TS Ding ZL.2000b. The weathering sequence of the red
earth over southern China. Journal of Mountain Science 18 1 7 ~
12 in Chinese with English abstract .

Xu YF ZhuZY Wen GG et al.. 2000. Geochemistry and soil forming
environment of the red soil section in the southern Leizhou peninsu-
la  Gaungdong Province. Geochimia 29 4 402 ~408 in Chinese
with English abstract .

Xu YF ZhuZY Wen QZ et al..1999.Clay mineral chemical charac-
teristics and environmental record of the multi-stage laterite at
Yingfengling section Leizhou Peninsula. Geochimica 28 3 281
~288 in Chinese with English abstract .

Yang YG Liu CQ Yuan KN et al.. 2000. Formation processes and
REE geochemistry of red earth in Southern China. Quaternary Sci-
ence 5 471 ~480 in Chinese with English abstract .

ZhaoLS Zhang BR . 1988 . Geochemistry . Beijing Geological Publi -
shing House. 225 ~ 226 in Chinese .

Boprcesnu IIB. 2000. IloBepxHOCTH BbIpaBHHBaHHsI TMJIATGOPMEHHBIX
yacuell KOHTHHEHTOB WX KOPPeJISiysl W YCJIOBHsI (POPMHPOBAHHSI .

Teomopdosiorust 1 1 ~13.

Bopucenu  IB.  1989.  Koppessiuusi  BO3pacToB  MOBPXHOCTEH
BblpaBHuBatusi  MaTepukoB  Ceseproro  IOxHoro — mostyiapuid.
Teomopdosiorust 1 17 ~ 26.

Cesmeepcros I0IT. 1986. ITpoGnemsr ['uneprentoit T'eomopdosioruu. J1
Wzn-Bo JlenHuHrpan. YH-ma.



