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TEXTURAL DIFFERENTIATION IN AUSTRALIAN SOILS

ABSTRACT

Three hypotheses;. sedlmentary layerlng, clay formatlon ln sltu and clay

llluviatton l^rere proposed to account for the widespread dlstributlon of

Australian texture contrast soils. A revfew of Èhe literaÈure showed that the

first two have been favoured but a critique of several studies on one texture

contrast proflle, the Urrbrae loam (a rhodoxeralf), lndicaÈed that clay

illuvatíon I¡Ias rnore líkely. Further data, and the appllcaÈion of additional

criteria, substantiated this hypothesls.

The processes lnvolved ín textural differentiation as a function of time

were further investigated in four post-incisive sequences in eastern Australia.

In each sequence there r.Ias a progressive increase 1n the degree of texEure

contrast, from uniform on the youngest terrace (sandy loarn), through gradational

on lntermediate terraces of age 2000-5000 years, to strong (sand over heavy

clay) on the oldest. Parent rnaÈerlals of the latter were )29 000 years old and

in one sequence at Richmond on the Hawkesbury River, probably >100 000 years.

Detailed particle-srze, distributions, from (0.6 r:m to 2 000 ,^ 
^t\ 

ó

intervals and depth functions of the ratío fine clay ((0.2 rm): coarse clay (0.2

- 2 um) provided evidence that considerable translocatíon of clay had taken

place especially in the older soils. From the similarity of the cumulative

particle-size indices, ít was concluded that lithological discontinuities r^rere

not responsible for the presence of high clay B horizons. Nor was chemfcal

weathering as judged on the basis of change in the depth functions of fine silt

(2 - 5 um): total sllt (2 - 20 tm) rarios.

There was strong evidence for clay movement from ml-cromorphological

examinatíon of thin sectíons. In all sequences there were fine sedimentary

laminae 1n the youngesÈ soils on the floodplal-ns. These were aeen to be

disrupÈed in the next oldest soils by extreme faunal turbatlon which not only
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obliterated evidence of co1luvlal and alluvl-al stratiflcation but produced a

proflle unlform ln texture and htgh 1n organlc matter. Occasional lron

segregatlons 1n the forn of diffuse nodules and void cutans were vlsl-ble but

I^7ere promlnent in the older soils which had gradatlonal texture profiles Í. e.

with profiles of weak to moderate texture contrast. In Èhese proflles clay

maxima 1n the upPer B horizon coinclded wtÈh the maximum concentratlon of void

cutans and papules. Ilowever, in the oldest solls; those wlth the highest clay

in the B horizon, the coincidence between the total clay and tlluvlated clay was

hlghest in the 83 horizon. Coefficient of linear extensibility measurements

correlate with the concentration of fine clay which is at a maximum in the 82.

There ís a strong vomasepic fabric 1n the 82 of the oldest profiles. Sesquans

in the B horizon of the oldest Hawkesbury profile indicate that weathering in

sltu is significant only in the mature stage of profile development.

A fourth hypothesis \^/as proposed for the development of the B horizon, virz

physlcal breakdown of fine grained llttrorelicts of gravel and sand size to

quartz and alumino-silicate mínerals of clay slze. Changes in the particle-size

distribution of quartz and changes in the proportion of gravel with depth

indicate the main contribution of physical weathering ls to the fine sand and

s1lt fractions.

ProporËions of resistant heavy mlnerals in the >2.96 g cn-3 fraction were

estírnated by X-ray fluorescent spectroscopy of elemenÈs zirconium, tltanium,

yttrÍum and phosphorus, whlch r.rere assumed to be present only in zircon, rutile

and ílmenite, xenotlme and monazl-te respectively. Ratlos of these elements in

various fractíons showed statistically lnsignlficant changes with depth, thus

ruling out the sedimentary layerlng hypothesis. Formation of clay by more

intense chemical weathering of coarse minerals in the B horizon was discounted

on the basis of constant ratios of Fe2o3 tzro2, Na20 zzro2, cao'.zro2

in the s1lt fraction. In the oldest members of several sequences there was
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evfdence of eheml-cal weatherlng but strong texture contrast was already apparent

ln younger profLles. Calculatlons of losses and gal-ns on the basl-s of the trl--

acl-d reslstant fractl-on of the whole so1l provlded further strong evidence for

the predomfnant role played by clay translocatl-on and the mLnor contrlbutl-on to

the clay fractLon of elay formatl-on in place except l-n the oldesÈ sot-Is.

It was eoncluded that clay l-lluviatlon was Èhe naln mechanfsm responsible

for textural differentl-atl-on wtth weathering l-n situ playing a minor, albelt

with time, an lncreasLngly lnportant role.
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ChapÈer I

Introduction

Solls wl-th markedly contrastíng texture between surface and sub-surface

horl-zons are an ubiquitous feat.ure of the Australian landscape and a map of Ehe

dlstrlbutlon of these soils shows that they are very widespread, geographically

and c1imatically, and are formed in igneous, metamorphic and sedimentary parent

materials (flgure 1). L/4 of the Australian continent is covered with such

soíls. No other comparable land mass has such a diverse and wldespread a:-ray.
rThe factual key for the recognltion of Australian Soilst (Northcote 1968), has

used the degree of texture contrast as the sole crl-terl-on for separatlng soils

of the flrst 1evel of subdivlslon. The populatlon of Australfan soils has been

divided into three categories, uníform, gradatlonal and duplex. Duplex, or

texture contrast, soils are defined as those solls which have a texture conËrasË

of at leasE I l/2 texture groups (e.g. loam to silty clay loaur or greater, clay

loau to light clay or greaÈer) between A and B horizons. Horl-zon boundaries are

clear to sharp.

Of the soil forming factors influenclng development, time appears to be the

most import.ant. The AusÈralian landscape is comparatively o1d and the parenË

materials from whlch solls have formed have, in many cases, been subject to a

number of cycles of transport, depositlon and weathering. Thls 1s in contrast

to much of the northern hernisphere where glaciation durlng the pleistocene

rsweptt the landscape rcleanr, exposl-ng fresh parent materlal. Sol-l developmenÈ

over large areas is ( 100 000 years o1d.
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Studles 1n deposltional landscapes of the Rlverine Plaln (Butler 1958,

1959), where a comparative ground-surface age can be,ileduced for soil sequences,

show that the older members have the most pronounced texÈure contrasÈ.

Sequences of sofl with progressively stronger texture contrast have been defined

by l{alker (1962a), I.IaIker and Coventry (I976), Brewer and l{alker (1969) l-n river

valleys of eastern Australla. Young solls are uniform 1n texture down the

profile, the oldest strongly duplex. These soils form chronosequences whlch are

post-inclsive according to the definltion of Vreeken (1975) i.e. the sedimentary

parent material of each soil rras exposed at different intervals leading up to

the present (Flgure 2). Because radio carbon dattng r^ras available for the

parent materials of many profiles, the sequences of l^lalker, Coventry and Brewer

IA/ere considered excellent prospects for elucidating the processes involved in

textural diff erentlatíon.

Ilowever, despite the widespread occurrence of duplex so1ls, there has been

11::1e systematic study (although much speculation) of thelr origin and

devcJ-cpment. Hypotheses regarding thelr formation, and criteria to test them,

¡"ys ¡oL been clearly enunciated.

The processes which have been proposed to account for textural contrast

fa1l into Ehree maln categorles.

1. Sedimentary layertng. The differences in particle size

distributlon are the result of an lnttlal1y non-uniform

parent rnaterial.

2. Formation of clay in positíon by differential weatherl-ng.

under this mechanism, there has been no clay movement.

3. Downward translocation of clay withín an initially

homogeneous materlal.

The relative importance of these three processes in the formatlon of

Australian texture conErast soils is the subject of this thesis.
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The flrst part of Èhe study of texture contraat solls lnvolved the

fornulatlon of criterLa to test the three hypotheses. Because of the dlvergent

oplnlon about the orlgln of the Urrbrae loam, a strongly duplex soÍl (calclc

rhodoxeralf) and the large amount of data aval-lable from previous studies,

testlng Èhe hypothesls and evaluatl-on of crlÈerla were flrst carrfed'ouÈ on thl-s

soll prlor to more extensl-ve work on the chronosequences ln eastern .Australlä.

The work on the Urrbrae loam ls reported l-n Chapter 2 and Chapters 3 to 7

report the investigatl-on on sol-ls of the river terraces in eastern Aust.ralla.

l

I
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Chapter 2

The developnenÈ of the Urrbrae loam

The work in Èhis chapter is presented ln the form of three published

PaPers. The first (Ctrtttteborough and Oades L979) is a crltique of previous

studies on thl-s soll and an evaluaÈion of the crlteria. papers 2 a¡¡d 3

(ctrtttteuorough and oades 19BO rr and lrr) reporr Ëhe testing of the rhree

hypotheses proposed 1n chapter 1, using addl-tlonal criteria.

IÈ was concluded that clay illuviatl-on \¡ras l1kely Èo have played a

predomlnant role 1n the formatlon of the textural cont.rast of the Urrbrae 1oam.

Furtli;.more, the crl-terla used to test the hypotheses were found to be workable:

they r:rrrrld be measured wl-Èh reasonable precislon and accuracy: an,il consisÈent:

sl-n i 1-. '-:s:rclusions r,rere arrlved aE by dif ferent criterla.
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Chapter 3

Sanpling and description of sol1s

3. I Selection

Numerous studíes of Èhe híllslope and alluvial landscapes of eastern

Australl-a have revealed that soil development ln many areas has followed a

cyclíc or episodÍc pattern (van Díjk 1959, I,rlalker I962a, Mulcahy and

Churchward 1973). This has been sufficiently general in the Rlverine Plain

of south eastern Australia for Butler (f959) to propose three disttnct

perlods of soil development.

The common observation is the presence of a series of buried or relict

geomorphic surfaces characterlzed by solls showing successive stages of

sol-1 development. Invariably soÍls on the youngest geomorphic surfaces are

texturally undifferentlated, Èhose on the oldest. show very strong texÈural

contrast and lntermediate surfaces have gradational texÈures. The soils

have sufficient features in common for Butler (1967) to attempt to

correlate their ground-surfaces. I^Ialker and Coventry (1976) sÈate that the

soll proflles of these alluvial landscapes "have such generality that the

same pedogenetlc processes musÈ have been operative over large areas of

humid south eastern Australfa durtng. the past 301000 years". ì4any of these

solls have been dated by the radio carbon method.

It was deerned l-mportant for the study of textural differentiation that

time should be the dominant factor in produclng sotl differences.

Therefore, the criÈerlon for the selectl-on of sites was that the terrace

or hillslope sequence be of more than local occurrence. Similarity of
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solls 1n particular geomorphic posl-Elons over a wlde area would lndicate

that the observed variatl-ons r{ere not the result of pecullarl-tles l-n local

sofl formlng factors such as parent materlal or local vegetatlonal

influences. Sequences were therefore chosen on the basls of previous

studfes 1n which the distribution of soils and geomorphlc relatlonshlps

were known. Another criterlon for selection of soils whlch $ras consl-dered

desirable was that the age of the parent materlal had been determl-ned. In

many of the sequences selected, radio carbon dates had been neasured.

Four sequences were chosen: Goorornon Ponds, a developmental sequence

of 5 profiles; Shlnglehouse Creek (3), Nowra Creek (4) and Hawkesbury River

at Richmond (5). Sequences at Gooromon Ponds, Shinglehouse Creek and

llawkesbury River were ln alluvlal terrace of slope (2%; the Nowra sequence

was 1n colluvlum and alluviun on hfllslopes up to 5% slope. Locatlon is

shown in Flgure 3.

3 .2 Methods

3.2.1 Field Saurpllng

sanpling of soils was carried out from pits dug with a back-hoe

usually to a depth of two to three metres. placromorphologlcal

descriptlons \^rere made according to the soil survey Manual (sott

Survey Staff 195I). Soils were classifled according to the Factual

Key (Northcote 1979) and the soil Taxonomy (soil conservation

service 1975). Two or three kllograms of soll r¡rere sampled from

each horizon or wlthin an horizon if it r,ras greater than 20 crn ín

thickness. careful note was made of variatlons around plt faces.

Undfsturbed samples for bulk density and shrink-swe11 measurements

were laken as close as practicable to the section where bulk

sarnpling was carrled out (Chapter 6).
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3.2.2 Analytlcal methods

Samples were air drled in a glasshouse, weighed and then ground

ltghtly l-n a mortar wlth a pestle Èo pass through a 2 mm round-hole

s l-eve.

The eoarse fractl-on \¡ras washed to remove adherlng fl-ne particles,

weighed and Èhe proportíon of gravel expressed as a percentage of

the alr dry soll. Extreme care had to be taken since many gravel

fragments were hlghly fractured quartz conglomerates or fl-ne grained

siltstones which had a tendency to break readlly l-nLo particles of

sand or s1lt size.

The following analyses r¡rere rnade on Èhe (2 mm fraction and results

expressed on an oven-dry basls: pH, electrícal conductivity and
!Þ Ph?

chloride by the triple electrode method¡ (Loveday 197 4); alr dry

vrater contenÈ; organic carbon (tinsley 1950); exchangeable cations

(Stace et al. 1968). OÈher analyses are described in the relevant

chapters.

ìforphology and chemistry of soils

3.3.I Gooromon Ponds sequence

The Gooromon Ponds sequence l-s located 22kn north of Canberra at an

elevation of 610 rn (Figure 4) and ll-es on a broad flood plain, 3 km

wlde, between Cow Flat Creek and Gooromon Ponds Creek. The creeks

draín uplands which consist of flne and coarse gralned Ordovician

and Silurian sediments and Silurian acld volcanlcs (Figure 5;

Canberra 1:50r000 geologlcal map (Geologlcal Survey of N.S.W.,

t97I)). Detalled stratlgraphic descrlptions have been published by

Walker and Green (1976). A summary of Lhe degree of textural

development, classlfication and stratigraphlc name for each of the

flve profiles 1s given in Table I and thelr relative geornorphlc

posltions 1n Flgures 6.1 and 6.2.
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Ouaternary alluvium - sands, clays

Devonian volcanics - rhyoÌite, dacite, tuff

@ Devonian granite - granite, adamellite, granodiorite

Sil-urian sfate

Silurj-an volcanics - dacite, audesite, tuff

Figure 5 Geology of Gooromon ponds sequence
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ProfLle*

code

StraÈfgraphlc*

name and age

(yrs nP)

Textural

differentlation

Classfficatlon

Factual So11

Key Taxonomy

GI

G2

Cow Flat

Glenesk

855

Bedulluck

3000

Spring

Undif f erentf-ated:

SedfmenÈary layers

evident throughout

Undl-f f erentl-ated:

faunal turbation

evident

Sltght: Al and A2

horizon

Moderate: Æ, M and

texÈure B

Strong: 41, A2 and

pronounced B2

Uc I .21

Um 6.22

Urn 6. 11

Aqulc

Ustifluvent

Fluventfc

Ilaplurnbrept

Fluventlc

Ilaplurnbrept

Ultíc

Haplustalf

ulric

Haplustalf

G3

G4

G5

Dy 2.41

Tara Dy 2.41

* arranged in order of lncreaslng age

+ Èhe profile code will be used throughout the thesis to ldentify the proffle

and facilltate the recognition of the age-relatlonshlp of the profile ln the

sequence: thus G5 is the oldest profile ln Èhe Gooromon Ponds sequence.

Table I Age, degree of t.extural differentiation and classiflcatlon of soils of

the Gooromon Ponds sequence.
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20

Ðo

90

depth
(cm)

0

1.8

depth
(cm)

0

20

horizon

A7

rïc

III C7

rIT C2

Gl - Cow Flar untr (Ftgure 7)

d.eeeription

G2 - Gleneslc unlr (rigure B)

d"eecription

G3 - Bedulluck untË (Flgure 9)

deseniption

Dark greyísh bro?')n (10 yR 4/Z) eanÅy Loam,
aped.a.L, eLí.ghtLy hand; elear to
70 yR 4/2 uith strong brotm (2.5 yR 5/B)
mottLes, sandy Loam uith gratteL, apednL;
gnadntional to
as aboue but Loanty coarse eand uith gnaÐeL,
apeda.L; arbitrary to
dark yeLLouieh broutn (i0 IR 4/6) uith etrong
broun mottLes, sandg Loam, oery fríabLe at fu.ee;
eontinuing to

40
50
70

depth
(em)

0

L2

32

55

78

702

honizon

A7

4L2

A73
A74

honizon

AL7

A1"2

82L

rI C7

IT C2

TT C3

Dark greyieh br.oùn (10 yR 4/Z) Loam, uery Vønd,
mediun enumb; diffuse to
Dark gr.eyísh brou)n (10 yR 4/2) Loam, oery ?ørd,
eoarse sub anguLar bLoeky, arbitrary to
As abooe; anbitnarg to
As obooe; eontinuing to

Dark greyísh brou)n (10 yR 4/2) Loam, eruntb,
eLíghtLy hard; cLear to
BLaek (1-0 yR 2n ) Loam, erumb, sLightLy ha-nd;
grad.ationaL to
BLack (10 yR 2/L) eLay Loam, crunlb, sLightLy
hard; díffuse to
Very dark gney (10 yR 3/7), oeeasiornL yeLLou
mottLee, gra.tseLLy eLay Loam, eoa?se grinuLar,
hard; eLean to
IelLoaieh brotm beeoming greyieh brom uith
depth tlLth 10 yR 6/6 mottLee, coa.rle sand.y
Loam, aped.a.L, oeng han'd; eLean to
Ae aboue but sanã4 Líght cLay and. bnoamish
y,eLLou mottLes beeoming mor,e prominent uíth
d.epth, abund.ant ehaneoaL from- 115 en;
continuing to

760
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depth
(em)

horizon

G4 - Sprtng unl-t (rigure I0)

deeeníption

G5 - Tara unit (Ftgure 1I)

deseriptíon

0

73

27

42

57

B7

L72

depth
( em)

0

30

A71

A72

A27

A22

B7

B2

horizon

A1-

A2

821

822
83L

6

Very d,ank greyieh brom (70 yR 3/2), sandy Loam,
crumb, soft; eLear to
As dboùe but dørk greyieh bnam (70 yR 4/2);
gradntiona.L to
Dark greyieh bpoùn (10 YR 4/2), graoeLLy sandy
Loam, erumb, eLightLy hard; gnadationo.L to
Light yeLLouish broum (10 yR 6/4), gratteLLy
sandg Loam, aped.a.L, sLightLy hard; cLean to
Broumieh yeLLou (L0 yR 6/6), eLay Loam, aped.a.L,
oerg hard; díffuse to
Strong brotm (7.5 yR 5/6), Líght elay eub
anguLan bLoeky, uery hard; díffuee to
Stnong bnoam (7.5 IR 5/6), eandy elay Loam,
apedaL, oerg hand; eontinuíng to

B

Broan (7.5 yR 5/2), Loam fine sandy, apedaL,
soft; eLear to
As abooe but Light br.oum (7.5 yR 6/4); eLean,
uansy boundnry to
Red (2.5 IR 4/6) Light eLay, apedaL, Ttørd,
eome faunaL míæírq of LZ and B horizons;
gradntionaL to
Ae aboÐe but aeak sub anguLar bLoeky; díffuse to
IeLLouieh red (5 YR 5/6), graueLLy elag Loam,
ueak eub angular bLoeky, oerg hand; diffuse to
IeLLouish broun (10 yR 5/4) ?,)íbh brottnish
yeLLou mottLee (10 yR 6/6), sandy Light eLay,
apedaL, oery ?ør.d; diffuse to
As aboüe but paLe broun (L0 yR 6/3) uíth a feu
broumish geLLou mottLee (10 yR 6/6); continuí,ng
to

42
52

73

700

1, B0

C7

I' Z'
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Figuie 7. Gl profile

Fiqure 8 Figure 9. G3 profjle

Figure 10. G4 profile Fìgure 11. G5 profìle
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The most slgniflcant features of the chemlcal data (tabte 2) are the change

ln depth functlons of pH and organic carbon wl-th tlrne. proflles G2 and G3

Prof- Horlzon depth
ile ( crn)

Chlor- A1r
ide dry

(ppt) nols-
ture
(7")

pll EC
(ros/

cm)

organl-c exchangeable catfons
carbon cec Ca Mg K Na

(%) (neq %)
H

G2

G1

G3

G4

G5

A1

IIC
IICl

AIl
Ar2
A14

AII
Lr2
Ãr2
IT C2

II C3

All
M2
B2
C

A1

þ2
B2l
831

0-6
1B-32
42-56

0-20
20-40
50-70

o-r2
24-32
4 t-55
7 B-88

102-1 l5

0-6
2T-37
s7 -69
B1-96

0-B
B-1 B

30-42
65-7 3

0.07
0.05
0. r7

29
24

r22

.23 0.19

.10 0.42

.10 0.72

3.3
2.5

0

4.2 0
3.7 0
3.8 0

5.3
4.4
3.8

r.3
1.3
r.l

6.8
7.r
7.4

3.9
4.2
4.7

16.8
16 .8
17 .3

3.4
5.2
4.0
2.0
5.5

6.1
6.6
7.O

7.1
l.o

5.7
6.3
6.7
6.9

0.05
0.03
0.05

0.06
0.03
0.02
0.01
0.0 2

0.07
0.02
0.02
0.01

0.06
0.05
0.02
0.02

22
<20

24

<20
<20
<20
<20
<20

<20
<20
<20
<20

5.8
5.5
5.3

I
I
I

2.L
2.4
r.6
0.8
r.7

B

7

7

1.1
0.8
1.3
t.2

0.8
0.4
1.4
1.8

1.58
0.67
0.23

2.05
I .03
o.97

2.7 9

2.52
r.22
0.23
0.27

.78

.32

.28

13.2
11.1
7.6

6.4
6.7
6.9

3.1
3.6
4.9
4.8

0.52 0.14
0.28 0.14
0.18 0.24

5.8
6.5
6.8

24.0 6.4 0.3 r
0. 15
0.r3
0.09
0. r6

0.11
0.13
0.r1
0.09
0.26

13.8
rr.4
5.6
2.2
3.2

26.1 9 .2
16.8 7.0
7.L 2.7

13.7 4 .6

15.7
6.0
9.6

10. r

10.1 1.6
3.5 0.7

t2.2 4.1
. r9

5.3
5.1
6.0
6.9

<20
<20
<20
<20

2.t6
0.25
o.25
0. 12

rl.2
r.7
2.9
3.I

7.7
2.3
6.6
7.r

0.7
0.4
r.6
1.9

0.4
o.2
I.1
2.4

0.70 0.04
0.20 0.05
0.25 0.09
0.25 0.09

0.39 0.03
0.30 0.02
0.41 0.04
0.38 0. I I

I
0
0
0 1s.3 5. 3

Table 2 chernlcal daÈa for soils of the Gooromon ponds sequence

have a rnuch hlgher organic matter content throughout than either Gl

or the older profiles. rn the older profiles hfgh organic carbon is

restricted to the Al horizon.

Both G2 and G3 show much evídence of bioturbatlon: Èhey have a dark

gray colouratÍon and numerous fecal pellets, casts, burrows, tubules

and organic fragments. The pH of the surface horizons becomes

progressively more acid.
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.2 Shlnglehouse Creek Sequence

This sequence l-s located 30 kn north west of Canberra 1n a small

etch basin (van Dljk and l{oodyer 1961) of 4 km2 (Figure 12).

Few stratigraphic units have been deffned (coventry L967) buÈ only

three lrere sampled (Ftgures 13, t4). The Doongalla unlt (S3) f" rhe

most common soil ln the area. The Shinglehouse unlt (SZ¡ occurs as

a channel infilltng in the Doongalla unit. The youngest proflle

Trawalla unit (sl) was sampled from a 1ow terrace in a recent

erosion gully of shinglehouse creek. A summary of the textural

development, classification and stratÍgraphic names for each of the

three proflles is given in Table 3. Ages are for radlocarbon dates

of charcoal samples from the base of each profile. A range of age

is glven for 52 because datíng of three samples from three different

proflles gave different ages.

P rofile

code

Stratigraphic

name and age

(yrs BP)

Textural

differentiation

Classlficatlon

Factual

Key

Soil

Taxonomy

SI

S3

S2

Trawalla

255

Shinglehouse

1775-3065

Doongalla

677 0

Undifferentlated:

sedimentary laminae

evident throughout

Slight: Al and A2

horizon

moderate: Al, Ã2,

pedal B

Aquic

Ustifluvent

F luvent I c
fl rpl
IJ+tumbrept

Ultle
ull

Haplusta#f

Uc 1.21

Un 6.II

Dy 2.2I

Table 3. Age, degree of textural dtfferentiation and classificatlon

of the soils of the Shinglehouse Creek sequence
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depth
(em)

0

depth
(cm)

0

horízon

ho"r.Lzon

All

A12
AL3
A3

82L

822
II C (?)

horizon

A1-

A2

821

822
B3
B3C
C7

A7

24.

Sl - Trawalla unlt (Ftgure 15)

deeer"iption

Dark gnegish broùn (70 yR 4/2), Loam fine sanå.y
apedal, eLíghtLy hat"d; arbitrary to
As dboùe but oery Tnnd eoneistence; anbitnary
to
Brot'¡n (L0 yR 4/3), fíne sand.y Loam, aped.a,L,
uerg hand; arbitnary to
As abooe but yelLouieh brotm (10 yR 5/4);
diffuee to
Dark yeLLouish bt,otm (70 yR 4/4), gnaoeLLy Loary
aped.a.L, oery hard; eontinuing to

70

20

30

50

1,70

Numerous fine, cross-bedded lamlnae throughout

42

EO
¿1t

60
70

B

20
30

2B
38
4B
68

B1

52 - Shinglehouse unit (Ftgure 16)

d.eserLptíon

Very dnrk g'neyish broum (10 yR 3/2), Loam,
eoarse crumb, eLightLg hard; eLean to
Ae aboue; anbi,trary to
As abooe; diffuse to
Dark grey (10 yR 4/7.), Light eLay Loam, ueak
sub anguLar bLoeky, sLightLg Vnrd; diffuse
to
Greyish b'noum (70 yR 5/2), Light eLay Loam,
ueak subanguLan, bLockg, sLightLy hard; eLean to
Greyish bnoum (10 yR 5/2), eLay Loam, ueak
subanguLar bloekg, sLíghtLg hard; díffuse to
As abooe but Light eLay and. apednL; diffuse to
Dank gneg (10 yR 4/7), Light eLag, apedaL, úerA
hard; eontínuing to

53 - Doongalla unit (Figure 17)

deeeription

Brot¡n (L0 yR 4/3), fíne sani.y Loam, apedaL,
sLightLy hard; cLear to
BLeached (dny), broum (10 YR 5/3), fíne sarú.y
Loam, aped.a.L, eLíghtLy har.d; shanp to
Strong broun (7.5 yR 5/6), eLag Loam, sttong
coal,ae eubanguLan' bLoeky, hand; gr.adationaL to
As abooe but Light eLaA; gnad.ationaL to
Ae fon 822; díffuse to
As for 822 but aped.a.L; diffuse to
Brounish yeLLou (10 yR 6/6), Líght eLay, apednL,
oery \nt"d; eontinuing to

1.L0

depth
( cm)

0

L7

7

10B
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Figure 15. S1 profiìe

Figure 16. 52 profile. Fiqure 17. S3 profile
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As in the Gooromon Ponds sequence, there l-s an lntttal increase in

the organl-c rnatEer with tlrne: 52 has a hlgh organlc carbon conÈent

throughout and l-s equivalent l-n age and l-n landscape posltion to G2

and G3 which also have hfgh organic carbon values (fa¡te 4).

However, unlfke Gooromon Ponds, the pIl l-s acid for all horlzons in

the sequence and varies fron 5.4 to 6.9.

Prof- Ilorizon depth
ile (cm)

pH EC
(ms/

cn)

Chlor- Alr organie exchangeable catíons
íde dry carbon cec Ca Mg K Na

(ppt) mois- (7") (meq %)

ture
(7")

H

S1 A1 0-1 0
20-30
50-70

0. t0
0.04
0.04

3.03
0.68
0.45

All 0-B
Ar3 20-30
Bl 42-52
rr c(?) 70-90

<20
<20
<20
<20

3.46
1.31
0.94
1.31

2.0 0.53 0.17
r.3 0.13 0.19
1.7 0.09 0.s0

0.61 0.18
0. r4 0.21
0.09 0.24

2.6 0.08 0.72

0.7 0.55 0.02
r.6 0.38 0.1r
3.0 0.31 0.25
4.1 0.21 0.86

2.4
1.3
1.3

1.6
0.8
1.1

5.4
s.6
6.2

46
<20

27

19.8
9.r

10.6

14.7
6.2
7.0

9.1
6.4
8.1
5.7

S2

S2

2.r
2.3
1.9

2.2
2.0
t.7
2.1

5.6
5.7
6.3
6.9

10.7
I 1.6
7 r.9
7 2.8

0.05
0.04
0.03
0.07

0. 05
0.03
0.02
0.04

25.6
2r.9
18 .3
25.0

11.
10.
13.
13.

4.4
3.0
1.6
2.5

18.3
16.2
14. s
19.2

A1
B2l
B3
CI

o-7
t7-28
3B-48
6B-88

5.7
5.9
6.0
5.9

30
<20
<20

43

0.8
0.9
1.5
1.6

r.73
0.60
0.31
0.22

Table 4 Chemical data for solls of Shinglehouse Creek sequence

Nowra Creek sequence

The Nowra Sequence lies B krn south of the Nowra township in a small

creek draínlng an area which flows inEo the Shoalhaven River (flgure

18). The parent material of the soils is colluvium and alluvl-um of

siltstone, shale and sandstone of Permfan age (l'lgures 19 and 20).

and proflles were sampled. These have been previously mapped and

descrl-bed by l,Ialker (L962 arb). The youngesr soil, Nl (Tapitallee

unit) is a valley ftll ín steeply sloping terrain and ís frequently

flooded. N2 (l'llnnamurra uniÈ) was sampled in an erosion gully I krn

downstream frorn Nl in gently slopíng t.erraln. This sotl is subject

3.3.3
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Figure 18 Location of soils of Nowra Creek sequence
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to occaslonal brlef, overbank flooding. N3 (Nowra Unl.,t) and N4

(I{andandtan unl-t) were sampled from creek banks. A sr.nnmary of the

textural development, classlftcatlon and stratlgraphlc nomenclature

for the profl-les is given ln Table 5,

Profile

code

Stratlgraphic

name and age

(years BP)

Textural

dif f erentl-ation

Classification

Factual

Key

Sotl

Taxonomy

N1 Tapitallee

0-125

Minnamurra

390

Nowra

37 40

I^landandl-an

29,000

Undifferentiated: Urn 1.41

colluvial bands

promlnent

weak: A and B Un 6.21

moderate: A and 82 Gn 2.84

Very strong: 41,

bleached 42, Bz

Dy 5.41

Aquic

Ustlfluvent

Typic

FluvaquenÈ

Aqulc

Haplustult

Aquic

IIaplustult

N2

N3

N4

Tab1e 5. Age, degree of textural dífferentiation and classification

of the soils of the Nowra sequence

Nl - Tapitallee unít (Fígure 21)

depth
( em)

0

5
1.8

45

ho'nizon

AL

^1UI

C2

deeeription

Broam (10 yR 5/3) üith yeLLouish broum
(L0 yR 5/6) mottLes, fine sandg Loam, apednL
eLíghtLg Ltand; cLear to
As abooe; díffuse to
As fon A1 but firú" sarlÅ.U Loam anà" oeny \ør,d
eonsietenee; elean to
Minnarmtnra tmit. Very dark gneyísh bnam
70 yR 4/2) uith Bt"orlg brotn (2.5 yR s/6)
mottLes, eLay Loam, apednL, uery Tnrd;
eontinuing to

65

NC



depth
(em)

0

honizon

A77

A72
B

ITB

AL

B7

827

822

B3
C

7

3r.

N2 - Mtnnamurra unit

deeer,íption

Dark broa¡n (7.5 yR 3/2), Loatn, eoa.rse
granuLar, hard; eLear to
As above but Less organie rru,tter; arbitnary to
Verg dnnk grey utith oeeasiorøL dørk yeLLouieh
brou¡n (10 yR 4/6) mottLes, elay Loam, eod.rse
granuLar, uerg hard; diffuee to
Es aboúe but more mottLee of 70 IR 4/6; cLear to
As aboue but aith soft ueathering siLtetone;
eLear to
Veng dark greU, heaoy eLag Loam, eoarse
granulan,, oery hnrd; eontinuing to

N3 - Nowra unit (Figure 23)

deseription

Dark gregish brotm (10 yR 4/2), Loam, eoarse
gnanular, hand; elear to
Dark greyísh bnoam, eLay Loam, üeak eoanse
gnanuLar, oeng hand; eLear to
Bnoum (10 yR 4/3), Light eLag, üeak eoan'ee
granuLar, oe'ny hand; diffuee td
Bnoam uith yeLlouiah brotm (70 yR 5/4) mottLes
eLay Loam, u¡eak eoanse gnanuLar, uery hand;
diffuse to
Ae abooe; diffuse to
As aboue but ped.a.L; eontíbuing to

N4 - llandandian unlt (figure 24)

deseription

Very d.a'nk greyish btot'¡n (70 yR 3/2), fíne
sandy Loam, ueak gnanuLar, soft; eLea'n to
BLeached (dry), paLe broum (70 yR 6/3),
gnaueLLy fíne sandg Loam, mediwn granuLar, hand;
eLear to
Brot¡n (L0 yR 5/3) uith faint paLe brotm
(10 yR 6/3) mottLes, Líght clay utith gnaueL,
mediwn gnanuLar,, uer.y hat"d; gradøtional to
Grayísh bnotm (70 YR 5/2) Ly|th faint pale broum
mottLes, heaoy eLag, meditm gnanuLar, oery hard;
gradntioru)L to
As aboue but ueak coarse anguLar bLoeky;
diffuse to
Greyieh brot¡n (10 yR 5/2) uith dietinct paLe
bnoum (1-0 yR 6/3) mottLes beeomíng faínt utLth
depth, heatsy eLay, üeak coan,se anþulan bLoeky,
oery hard; eo,ntinuing to

20

47
50

EO¿z

depth
(em)

0

70

25

35

50
70

L10

B
t

70

horizon

depth
( em)

0

L7

30

40

ho'nizon

5

A7

A2

B7

B2

B3

111w!60

1.40
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The depth functl-ons of organic carbon with tlme are slmllar to those

of Goorornon Ponds and Nowra (faUte 6) . N2, the equl-valent of G2 and

52, ts hlgh J-n organlc carbon throughout, even when buried: the IIC

horl-zon of Nl has an organic carbon content of 1.527". As in the

Gooromon Ponds sequence, proflles become more acid wlth age.

Prof- Horizon depth
ile (crn)

Chlor- Àir
lde dry

(ppr) mols-
ture
(7")

organic exchangeable
carbon cec Ca Mg

(%)

pH EC
(rns /

cn) (neq

catlons
K

%)

NaH

N1

N3

N4

AIl
At2
B

C

C1

c2
II C

5-18
32-45
45-s5

0-7
7-20

30-4 r
s0-60

0-1 0
10-25
25-35
35-50
50-70

0-5 5
5-r7 5

17-30 5

40-60 s
120-r40 5

0.03 <20
0.03 <20
0.03 <20

0.07 <20
0.06 <20
0.05 <20
0.07 38

0.03 <20
0.03 <20
0.04 22
0.06 61
0.13 193

0.03
0.02
0.03
0.06
0. r7

<20
<20
<20
<20
205

2t.
2t.
L7.

5 7.8
6 6.9
7 8.1
9 6.4

0.48 0.25
0.51 0.30
0.53 0.33
0.28 0.84

6.1
6.3
6.4

6.4
6.3
6.8
7.0

5.8
6.2
5.9
5.9
6.2

.B

.B

.7

.3

.1

2.O
2.3
1.8

2.5
t.7
1.9
t.7
1.5

8.5
6.7

10.2

0. B6

0. B6
t.52

3.26
2.60
2.35
1 .58

2.26
0.92
0.63
0.66
o.52

2.03
o.92
0.49
0.30
0.30

2.4
2.2
1.5
1.0
1.3

.3 1.5

.2 0.70

.B 0. s6

.3 0.36

.60

15.8 3.0 3.4 0.20 0.70
r5.3 4.2 3.3 0.19 0.90
t5 .8 2.7 2.0 0 . 16 0 .70

N2 2.3
2.7
3.5
2.0

4.0
4.3
5.7
5.3

20

1.8
2.4
2.8
2.7
3.8

19 .0
r5.3
L7 .3
r 5.8
t3.2

1.1
0.7
2.2
3.4
4.8

16
13
15
23
2Z

t.7
1.5
2.0
3.4
2.5

8.0
9.6
7.1
5.1

AI
B1

821
822
B3

A1
Ã2
B1

B3
c3

0.30
0.15
0. 15
0. 16
0.14

0.24
0.5s
0. B1

I .00
1.70

14.3
10.0
12. r
10 .9
6.3

0.57
0.39
0.31
0.26
0. 19

o.24
0. r0
0.46
1. 10
2.40

L2.9
11.3
12.2
t8.2
15.2

Table 6 Chemical data for Soils of the Nowra Creek sequence
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Figure 21. Nl profi le

Fìgure 23. N3 profile Fiqure 24. N4 profi le
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Hawkesbury Rl-ver sequence

This aequence Ls found on the Hawkesbury River terraces at Richmond,

30 kn north wesÈ of Sydney (ffgure 25). Solls have formed in

alluvl-um derived from Triassfc shales of the l{fanamatta Group and

quartzitl-c sandstones of the Hawkesbury sandstone (l'tgure 26). Ffve

soil profiles were sampled, but lt is not clear whether the oldest

profile, the Londonderry soil unit (H5), forms part of the

chronosequence.

The Hr proflle (Lowlands unit) l-s on a level bank of the modern

flood plain and is frequently flooded (Figure 27). H2 lles behind

the level on the flood plain and is also subject to inundation. H3

and H4 are respectively on low and high terraces r¿hich are

lnfrequently flooded. H5 is on a hlgh terrace l-n an erosional

landscape. rt !üas not posslble to Lnspect the parent material of

this profile. No comparl-son could therefore be rnade of the nature

of the parent material in relationshlp to other soils in the

sequences, nor \{as any dating possible for Èhis so1l. rt appears

that there has been considerable erosion of Èhe surface of H5.
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Profile*

code

Stratl-graphf c*

name and age

(yrs BP) .

Textural

differentfatfon

ClassifLcat fon

Factual Sotl

Key Taxonomy

H1 Lowlands

undated

Unnamed

undated

Late

Clarendon -

Cranebrook

9220

Early

Clarendon -

Cranebrook

26700

Londonderry

undated

very strong: Al,

bleached 42, 82

Undifferentiated: Uc 1.24

I^leak: AB proffle Gn 2.1

moderate: AB proftle Gn 2.lll

strong: 41, thin

bleached 42, 82

heavy clay

Dy 3. 41

Dy 3. 8l

Typlc Quart-

zipsamment

Fluventlc

Haplumbrept

Typic

Haplustalf

Typic
Nølt
PcJeustalf

Nøut ruslc.tf
Paåer+st+¡Lt

H3

H2

H4

H5

Table 7. Age, degree of textural differentiation and classíficatlon of the

soils of the Hawkesbury Ríver sequence

Hl - Lowlands unl-r (Flgure 28)

d.eseriptiondepth
(em)

0

L5
40

horízon

A71,

A1_2

rrc

Dark bnoum (7.5 yR 3/2) Loarny sanã., aped.a,L,
Looee, eLear. to
As abooe but mo'ne denee; elear to
Dark reddieh btoun (5 yR 3/2), eoarle Loamy
sand., aped.a.L, oery friabLe; eontinuing to

750
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II2 - Unnarned (Ftgure 29)

depth
( em)

0

L5

45

67

BB

110
750

770

depth
( em)

0

7B
32

4B
70

90
120

1.70

depth
( em)

11

t2

43

70

1-0 a

honizon

A

ITA

UB7

IIB21

ITB22

rrB31
ITCT

deeeríption

Dark broum (7.5 yR 3/2), Loanty eand., apedø.L,
oery friabLe, many roote; cLean to
Dark reddiah broîDn (S yn 3/2), sand"y Loam,
apedaL, oery f'r"iabLe; gnadntionaL to
Dark neddísh broum (5 yR 3/3), eand.y Loam,
aped,a.L, eætr.emeLg firm; grødøtionøL to
Reddish brou¡n (5 yR 4/4), eI,ay Loam, apedaL,
eætremeLy firm; gradationaL to
As abooe eæeept yeLLouísh red (S yR 4/6);
diffuse to
As for IIB22 but sanã.y Loam; diffuee to
IeLLouish red (5 yR 4/6), cod.r?se sandy Loam,
apednL, finm; eontinuing to

honízon

H3 - Lake Clarendon-Cranebrook unit (Figure 30)

A1,

deseription

Reddísh bnoum (5 ÍR 4/3), Loarny eanÅ., ueak
mediwn granuLar, oeny fniabLe; gradntionnL to
As aboue but sanã"y Loam; gradationaL to
Dark reddieh bnoun (2.5 yR 3/4), sanÅy eLay
Loam, ueak medíum granuLar,, eætremeLy fí-nn;
gnad.ationa.L to
As aboÐe but heauy sandy eLay Loam; diffuse to
Dark red (2.5 yR 3/6), fine sanåy Light eLag,
ueak nedium granu\an, eætremeLy fír,m, eoft iron
anã. manganese noduLes; díffuse to
As aboue; diffuse to
As abote but apedaL anã. beeoming red
(2.5 YR 4/6) înith depth; eontinuing to

82L
822

honizon

AL

821-

822

823

A3
B7

D/1DV
v

B3

C

H4 - Early Clarendon-Cranebrook (Figure 31)

deseriptíon

Reddísh br.oam, Loarng eand., apedal, ÐerA
f'r"iabLe; sharp to
Reddish bnoun (5 yR 5/3) uith red (2.5 yR 4/6)
mottLes, heaoy eLay, eoa,Txe coLunman breaking
to angu'l,ar bLoeky, ertremeLy firm; cLear to
Broun (L0 yR 5/3) uíth red (2.5 yR 4/6) nottLes,
heatsy eLay, artguLar bLocky, eætremeLy firrn;
gradationøL to
As aboue but ueak anguLar bLocky;
gradntionaL to
Reddíeh broum (5 yR 4/4), .hA, sub anguLar
bLoeky, eætremeLy firtn; diffuse to
As dboüe but aped.a.L and. beeoming fíne sand"y
eLay uith depth; contínuing to

1.60



20

depth
(cm)

0

70

35

60
700

760

horizon

A7

A27

A22

821

822
BC

40.

H5 - Londonderry Untr (Ffgure 32)

deecniptíon

Gregie-h brot'm (10 yR 5/2) Loamy eanå., apednl,
oeny fr"LabLe, many emaLL noote, ironetone
gnatsel; eLear to
Ae abooe but bLeaehed (10 yR Z/Z drA);
gradøtionaL to
Light yeLlouíeh broùn, Loanty sand, aped.a.L,
oery friabLe, many iron concretíons; s'loarp,
uneøen boundnry to
Verg p,Le broa¡n (10 yR 7/3) eodomínant tith
s-trong bnoun (7.5 yR 5/6), eLay, eoLunman uith
dørk organie etaining, eætnemely firm, íron
eoncretions; diffuse to
As above but no organie etaining; diffuee to
Líght gney (L0 yR 7/2), eodominønt uíth
atrong b'r,oum (7.5 yR 5/6), elag, apedaL,
eætremeLg firm, iron eoneretione; eontinuing to

There is an increasing acidity wlth so1l age (tabte g) but, unlike

other sequences, Èhere ls no htghly organlc phase in the

chronosequence. Another feature not in common with the oÈher three

sequences is the sallne subsoil ln the order members, II4 and H5.

There l-s also a predominance of sodiurn and magnesium on the

exchange of sites of these soils.
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Prof- Horl-zon depth
tle (crn)

Chlor- Air
tde dry

(pp.) mois-
ture
(7¿)

pH EC
(ns/

cn)

organl-c exchangeable catlons
carbon cec Ca Mg K Na

(%) (neq %)
H

HI

H3

H4

H5

0.02
0.02

0.02
0.02

<20
<20
<20
<20
<20

1.18
r.54
r.24

I .07
0.62
0.50
0.21
o.12

II Cl
LIC2
IIC3

IIA
IIBl
IIB2 1

IIB3 1

IICl

a.i
A3
B1

B2l
BC2
C2

A1
B.2T

B23
c

A1
A22
B2I
822
BC

40-58 6

sB-90 6
90-120 6

r 5-30
45-67
67-88

110-130 6.4
150-r70 6.5

0.04 <20
0.04 <20
0.04 <20

12.7
13.2
L3.2

9.1 0.1
16.9 0.1
14.8 0
LL.7 O

0.14 0.07 3
0.10 0.r0 3
0. 11 0.09 5

0.09 0
0.10 0.07
0. I I 0.07
0.10 0.04
0.06 0

0.52 0
0.33 0
0.35 0
0.3s 0
0.28 0.02
0.31 0.05

0.26 0.03
0.19 1.00
0. r 1 3.40
0.13 2.80

.8

.6

.4

6.2
6.2
6.2

6.4
6.2
6.r
6.1

.4
o

.5

.4

1.3
r.4
1.3

1.3
r.4
1.3
1.1
0.7

8.2
7.4
6.s

5.6 2.3
7.r 3.1

1.1
2.0
1.3

.2

.6

.2

8.5
9.7
2.4
r.4

6.7
4.2
6.0
3.2
1.8

t.2
r.3
1.4
1.6
1.2

4.7
4.4
3.5
2.7
1.9

12.7
10.1
11.1
7.6
5.0

0.02

H2

3.9
5.0
0.4
2.5
2.7
2.9

0.6
0.5
0.3
0.3
0.3
o.7

o.2
5.9
8.9
7.4

4.r
2.7

10.3
7.0
5.2

0.3
o.2
4.3
6.8
6.5

0-18
i8-32
32-48
4B-70
90-120 6.1

150-r70 6.3

0-lr 5

It-23 5
43-70 6

100-130 7

0-10 5.5
20-35 5.9
35-60 6.3
B0-r00 7.2

130-r60 6.6

0.02 <20
0.06 38
0.45 613
0.62 BBs

0.6
0.7
0.8
0.9
1.0
1.30.03

0.04
0.04
0.04
0.04
0.03

o.o2
0.01
0.06
0.27
0.44

<20
<20
<20
<20
<20
<20

<20
<20

60
391
636

0.9
2.3
2.2
r.7

0.5
0.6
2.6
2.9
2.6

0. 82
0. s4
0. 34
0.22
0.09
0.08

1.16
0.65
0.24
0.09

1.13
0.14
0.27
0. 20
0.06

0.09
0.06
0.07
0.05
0.07

0.04
0.06
1. r0
3.00
3.60

6.5 1.5
7 .6 1.8
3.0 1.9
5.s 2.3

15.9 0.2
17.0 0.1
15.4 0

4.5 0
3.0 0

Table 8 chemical data for soils of the Hawkesbury River sequence
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Figure 28. H1 profi'ìe

Fjqure 29. H2 profìle, Figure 30. H3 profile

Fìgure 31. H4 profjle Figure 32. H5 profile
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Chapter 4

Particle-síze distributions

4.1 Introduction

Changes in particle-size with depth are almost ubiquitous feaÈures of

soil proflle development. Extensive use has been nade of the particle-size

dlstribution to characÈerlze soils and most classificaÈlon schemes have

críterl-a based on textural variation withln Èhe profí1e and between soils.

For example, in the new Soil Taxonomy, one crlterÍon of an argillic horizon
nw*ct'tra

ls that tt¡ should have a ratio of fine clay to total clay at least one

thlrd greater than in the overlying eluvial horizons or the underlying

horizon (Soft Conservatlon Service 1975).

The partlcle-size distribution down a soil profile can provlde

evidence whlch helps to distinguish between three proposals to explain the

origin of the high clay B horizon of texture-contrast solls viz.

sedimentary layerlng, formation of clay in position by in sltu chernical

weathering and downward translocation of clay in an lnitially homogeneous

material (Ctrttrteborough and Oades 1979).

A number of physical and chemical criteria have been used to identlfy

stratified sediment in soils. Thus Ruhe (1956) used the presence of stone

1lnes to delíneate surfaceq of at least two dlfferent ages wlthin inter-

glaclal maÈerlals ln south-western Iowa. Foss and Rust (t968) .t".d

detalled particle-slze distributions of the silt and sand fractfons to

study soll development in relation to loesslal depositfon and concluded

that a palaeosol had developed on the Rockian till.
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All rnethods l-nvolve the change in a partlcular criterfon wtth depth.

Methods for the statlstical ldentification of such discontlnultles 1n the

depth function have been developed by Oertel and Glles (1966) and more

fully by Raad and Protz (1971). On the basl-s of Èotal sand : total sllt

ratlos, Raad and Protz (1971) were able to set lirnlts of significance for

differences between populations of stratified sediments 1n soil profiles

developed ln fluvlo-glaclal terrain. Langohr et al (1975) have proposed a

comparative particle-size distrlbutton (CpSU) index to estlmate the

magnltude of discontlnuities (or similarlties) in parent rnaterials. The

Índex is based on the degree of correspondenee between any two horizons of

the partlcle-size distributl-ons in the sand range. A value of 100

indicates two identtcal distrÍbutions, a value of 0 indicaÈes that the

distributions are cornpletely different.

Little use has been made of particle-slze properties of soils to

assess the extent of chemlcal weathering, desplÈe the fact that the process

is ltkely to have a marked effect on the partlcle-slze dÍstributlon. It is

often lnferred, from an increase in clay content, that there has been an

increase in chemlcal weathering but there l-s lnvariably no evldence

provided. Torrent and Nettleton (1979) have proposed a textural in<lex for

assesslng chemical weatherl-ng in soils based on the change with depth of

the fine silÈ to total sllt. It can only be used l-n soil wtth texturally

uniform parent materials and where there is little or no phystcal

weatherlng.

An lncrease in the proportlon of fine clay ((0.2 rm) to coarse clay

has been Eaken as an lndicatton thaE clay has been illuviated. There

appear to be two reasons for this lnference. One ís that a high ratto of

flne to coarse clay is observed ln horlzons with higher total clay and

whlch also show other slgns that clay has moved e. g. the presence of void

argillans (Srntttr and Buol I96B). Second, experimental evldence shows that
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flne clay moves more readlly than coarse (otxtt l97B). However, llttle use

of the crlterion has been nade l-n pedogenl-c studies Ln Australfa, despite

the extent and diversity of texture-contrast solls compared to oÈher

continents. It should be pointed ouÈ that an l-ncrease fn the ratlo is not

definftive evidence for clay llluviation. Other mechanlsms may also be

lnvolved e. g. lateral transport of clay l-nto the horl-zon and chernical

weathering (Ntkttoroff and Drosdoff 1943, Byers er al f93B). I{here clay

enrichment is due solely to mechanical transport, Rode (1964) uses the term

lesslvage to descríbe the process. The críterl-on for this mechanism is the

simultaneous accumulation (as compared to the parent material) of elay and

sesquioxides. Itlhere there 1s a dlscrepancy, other processes such as ln

situ chemical weathering ruay be lnvolved ín the clay increase.

From the foregolng discussion, lt is clear that, if partlcle-slze data

are to be used as pedogenic crlteria, the methods used to obtain such data

must be reliable and glve conslstent results. I^Ih1le there has been much

investigatl-on of the rnethods of obtaining distrlbutions 1n the range )2 rrn

and standard procedures established, there is a paucity of informatl-on on

techniques in the sub-mlcron range.

Many soils v¡ith high clay contents are known to be difficult to

disperse and have anomalously low clay contents when measured 1n relation

to fleld assessment of texture (Mclntyre 1976) and the catlon exchange

capaclty (Stace et al 1968). Solls whích exhibtt this property to a marked

extent have been termed sub-plastic (Butler 1976). Norrish and Ttller

(I976> observed that the phenomenon is widespread. Reynders (I972) studied

argillic horizons in Morrocco and noted, fron dlscrepancies between catlon

exchange values of clays and the clay mineralogy, that disperslon of clay

was very poor. This 1s despite the fact that the usual cementíng agents

such as organic matter, sesquioxides, silica or carbonaÈes were not
:

obvious. These somewhat random observations indicate that Èhe standard



46.

meÈhods for sand, sllt and clay determl-natl-ons may be serfously J-n error

for ur,any clay-rich horlzons. There are no data for Èhe effect of

disperslon on fine clay yleld.

The purpose of Èhls chapter wtll be Èwo-fold. In the ftrst part, an

lnvestlgation will be made of the effect of dispersion on the fine clay and

coarse clay yields. The second purpose will be to provide evidence for the

urechanlsur(s) involved ln textural differentiatl-on uslng partlcle-size

distributfon data.

4.2 Analytical methods

4.2.1 Method of dlspersion

Eff eet of the time of e-løkíng on fine eLay: eoarse cLay tu,tio

The experiment was carried out on two texturally different

samples; a fine sandy loarn and a medium clay, fron the A and B

horizons of Èhe Urrbrae loan (a calclc rhodoxeralf, mixed, thernic).

The soil had been air dried, lightly hand ground and passed through a

2 urn round-hole sieve.

soil (1.6 g) was weighed into a 5 m1 vial fitted with a press-

seal plasttc lid conÈainl-nc r.2 nl distilled water, 0.4 ml sodl-t¡rn

tripolyphosphate and 0.04 ¡01 sodium hydroxide. Vials were shaken on a

Spex Mixer M111 for lOl, I02, lO3, tO4 and 5.0g x tO4

seconds l.e. 10 seconds, I min 40 s, 16 min 40 s, 2 hours 46 rnin

40 s and 14 hours slx ml-nutes. Elght replicates of each soil for each

shaking time were treated except for the longest shake where 4

replicates of each soil were used. Following shaking çhe total clay

((2 rm) and fine clay ((0.2 r¡n) r{ere measured according to the method

outlined in 4.2.2 below. I,Iater contents of the soil samples were

measured and results experessed on an oven-dry soil basis.
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Effeet of tíme of shaking on the eLementaL ehemietry of the

sand., siLt arl.d. cLay eeparatee

The same soils used l-n the above experimenÈ were prepãred l-n an

identlcal manner except that there v/ere only three shakl-ng tlnes;

IO2, IO3 and 104 seconds. Following dlspersion, the clay was

removed by repeated centrífugation and concentrated by rotary vapoi-

ation and freeze drl-ed. Fíne, medium and coarse silt (2-5r 5-lo and

10-20 um respectlvely), and fine and coarse sand (20-53, and 53-

2000 rm respectively) were separated by seÈtrlng under gravity in

tall-forrn beakers. The elemental chemlstry of each fraction was

determlned by x-ray fluorescent spectroscopy according to the method

of Norrish and Hutton (1969) as descrlbed in chapter B.

Effect of ehemieaL pretreatment on the eoarÊe eLay:fine eLay

ratio

.Aír dry soil (1.6 g) fron the A and B horlzon of the Urrbrae loam

was weighed l-nto a plastic vial and 1.6 ml distilled vrater added.

Following physlcal disaggregation for I mlnutêr either with an ultra-

sonic probe or a Spex l"flxer Mtll, the suspension was then subjected to

a number of chernical treatments:

(1) saturation of the exchange cornplex with sodtum or lithlum ions by

dialysis in IM NaCl or IM LlCl

(2) 301l HZOZ at BOoC until frothlng subslded

(3) 2% NaOH for 30 minutes ar 100oC

(4) IM sodiurn clrrare (Tanura I95B).

Total clay and flne clay v¡ere measured as outlrned earrler.
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4.2.2 Determinatfon of fl-ne clay:total clay ratl-o

Initial determl-naÈlons were made by separaEl-on of the clay

fractlons by continuous flow centrlfugation (see chapter B) but thfs

proved extremely tl-me eonsumlng.

After experiments outllned in 3.2.1, the followlng procedure was

adopted. 1.2 nl distllled rdater and 0.4 ur1 10% Calgon urere pl-petted

lnto a 5 nl plastic vial containing I.6 g air dry soll. Following

shaking in a Spex Mtl1 for I minute, the suspensl-on was washed into a

100 nl centrlfuge tube, made up to 80 rnl with distllled water and

centrifuged for the approprlate tlme to permlt settling of partlcles

)2 rm or )0.2 rm. 5 nl altquots r^rere pípetted into a weighed

container, oven dried and weighed.

Frorn numerous replicates on samples with textures in the range

loamy sand to mediurn clay lt was calculated that the standard error

was (5%. Careful callbratl-on of the centrifuge for each speed was

carried out by the method of Whltby (1955). Thls resulted in a

slgnlficant adjustment to the time requlred for cenÈrifugation as

calculated from the lntegrated Stokes Law equatl-on.

4.2.3 Detalled parÈ1cle-size analysls

Particle-slze was measured from 0.6 r¡n to 2000 uur at 0 intervals

by centrifugatlon ln the range 0.6-2 urn (Steele and Bradfield 1934),

by settllng under gravity tn the range 2-31 um (Oay 1965) and by dry

slevfng for particles 31-2000 um díameter. Analyses r'rere carried out

on 5-50 g subsamples of the whole soll after alr drying. Followtng

physícal disaggregation with an ultrasonic probe and treatroent with

HZOZ to remove organic natter, samples were placed on an end-over-

end shaker for 12 hours. IM NaOI{ and 10% sodlt¡rn tripolyphosphate were

used as dispersing agents (Hutton 1955)l tn" method is essentlally

that of l{alker and HuËka (1977, 1979).



49.

4.2.4 CalculaÈl-on of the CPSD Lndex

The CPSD was calculated for sfx sand fractl-ons; ll-mtts 63, 88,

I25, 250, 500 and 1000 urn.

4.2.5 l.leatherinþ tndex

The weaÈherlng l-ndex was calculated in three sÈeps for those

soils ln whlch detailed particle-size data were available. The

procedure involved:

1. calculation of fine silt:total sl-lt ratios at different depths

down the profile

2. plotting the ratlos down to the depth aÈ whlch weathering was

negllgible

3. findíng the slope of the regression line for the plot. Thls ís

the weatherlng l_ndex.

4.3 Results and díscussion

4.3.f Method of dispersion

Effeet of time of ehøking on the fine cLay: eoarle eLay rutio

Results, expressed ln the forn of the graph of clay yield as a

funcÈion of tlme (Figures 33, 34), show thaÈ time of shaklng has a

profound effect on the amount of clay extracted. clay yields from the

trqo soils were sl-gnificantly different. rn the fine sandy loam, both

total clay and flne clay contents l-ncreased r.rith tlme and the coarse

clay:fine clay ratl-o dropped almost linearly from 1.9 at l0 to 0.7

at 14 hours. rn the mediuru clay sample however, the total clay

content reached a mnximum after 100 s and thereafter remal-ned

practically constant. Flne clay content contlnued to rlse, causing

the coarse clay:fine elay ratio to drop by almost l/3 of. its value aÈ

10 s.
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The contl-nued increase in yteld of clay, el-ther total or fine,

could be due elther to a breakdown of aggregates of clay of silt and

fine sand size or a breakup of lndivl-dual coarse grains by attrltion.

rn the case of the mediun clay, the source of the fine clay must be

from the (2 un fractlon and not coarser fracÈions. rf coarser

fractíons were breaklng down to yleld clay, there would also be an

increase in total clay yield. Plots of change in particle-slze

distributions of s1lt and sand slze particles conflrm this (rigure

35). But there is a slgníficant contributlon to the clay from the

sllt fraction of the fine sandy loam.

Effeet of tíme of shaking on the eLementaL ehemístny of the

sand, siLt and eLag eeparates

If clay was belng produced by attrltion of coarse graíns it would

be expected that the mineralogy of the clay would not renaln constant.

Graphs of the silica:alumina (sior:41203) ratio show that there

was an increase in si02 tn Èhe clay fraction of the fine sandy loam

(rtgure 36). Increased tlme of shaking has caused the breakdown of

quartz of sand and coarse silt síze. However, in the medium clay

sample, breakdown of quartz has only 1ed to an enrichment of silt-size

particles; the clay has been unaffected.

It appears that the degree of attrition depends on the proporÈion

of coarse to fine particles in the soil sample. rn the fÍne sandy

loam there has been a significant contrlbution to the coarse clay

fractlon by mineral breakdown, in the rned|,ur clay sarnple atÈrítíon has

only affected the silt fraction. Any shaking procedure musÈ therefore

be a compromise. rt should proceed long enough to ensure breakup of

aggregates but not so long that there 1s a slgnificant contribution by

attrltion
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An attempt \./as made to det.ermine Èhe change in aggregatlon of

partlcles wl-th tlne by direct observation of the coarse clay fractlon

with a transmissl-on electron mlcroscope. Carbon repll-cas of the

coarse clay separates from the soil sanples after shaking for 100,

1Ol, 102 and 103 seconds were prepared by the rnethod of

Greenland et al (1968).

Results were lnconclusive. There were no obvl-ous changes in

aggregatlon wl-th tiure (Ftgures 37, 38). Ilowever, the coarser grains

of the fine sandy loam sample were observed to have coatings or

incrustations of fine clay-size material (Flgure 37). These

incrustations were partlcularly obvious on gral-ns shaken for I and

l0 s but disappeared wlth tirne. Greenland and l,rrilkinson (1969)

observed símilar coatl-ngs and concluded that they were composed

primarily of dlsordered sillca and alumíno-silicaÈes rather than l-ron

and aluminl-um oxides. Most was removed after shaklng for 102 s

although some still remained even after very long periods of shaking.

The degree of adherance therefore varied considerably. IÈ appears

that these coatings may make a significant contrfbutl-on Èo the fine

clay fraction.

Effeet of chemieal pretreatment on the eoa.rle eLay:fine eLay

ratio

The chemical preËreatments were chosen to determl-ne the effect of

removal of free iron oxides (sodir¡r cltrate-dlthioníÈe), arnorphous

material (tlaOtt) and organic ¡natter (H202). Ltthiurn saturation vras

investlgated because it had been shor,¡n to lncrease clay yield over

sodium saturaÈ1on in some sub-plastlc soils of the Riverine plaln

(Norrish and Tiller 1976).
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Figure 37 Electron micrographs of clay sized particles followíng shaklng of a

soil of sandy loam texture for various times

a) 0s

b) 0s

c) 1s

d) 10s

e) 100 s

f) 10 000 s

Thls llne on the photograph indlcates 0.5 r¡n
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Figure 38 Electron micrographs of clay sized particles following shaking of a

soll of clay texture for varl_ous times

a) 0s

b) 1s

c) l0s

d) loo s

Thls l1ne on the photograph tndicates 0.5 un
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Results show that there was llttle effect on the coarse clay:flne
clay ratio except for the sodil:m hydroxlde treatment (taute 9). For

both sol-ls there r¡Ias a signiflcant l-ncrease fn the ratlo, 'presumeably

because Èhere ls solublllzation of the fine clay. Treatment wl-th

II2o2 reduced the ratio slightly for the fl-ne sandy loam but not

for the medium clay.

On the basis of the three experiments the procedure outllned fn

4.2.2 was adopted. No chemical pretreatment was used. Disaggregatl-on

was only by shaklng in a spex Mill wl-th a dispersing agenr (calgon).

treatment sequence coarse clay:f ine clay ratio

sandy loam rnedium clay

H2O2i

H2O2i

H2O2: NaOH;

H2O2z NaOH;

Na0Il;

H2o2i

Na citrate;

f,
Na'

ILi'
I

Na'

I
Ll-'

-L
Na'

Lt+

Na*

r
Na'

I
Na'

2.2

2.2

1.3

1.8

5.0

7.4

0. l8

0. r7

0.r7

0.22

oo

Table 9. Effect of chemical pretreatments on the coarse clay:fine

clay ratio for Èwo soils.

4.3.2 Fine clay: total clay raÈios

Plots of the depth functions of the fine clay to total clay

ratios are gl-ven for the solls of each sequence in Figures 39
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(Gooromon Ponds), 40 (shtngrehouse creek), 4L (Nowra creek), 42

(Ilawkesbury River).

There ls a sr-milar ehange ln the depth functrons with tirne for
all 4 sequences. From a relatlvely unl-form ratio hrtth depËh ln the

youngest profiles, the ratio progresslvely becomes more skewed such

that there is a marked reduction in the ratio in the A horizon and. a

marked increase in Èhe B. sr ts probably of recent origin. There has

been sl-gnificant erosion r-n the area since settrement r30 years ago.

New sediment may have been added which nay account for the skewed

distributton wíth depth.

The changes of the clay ratíos wlÈh depth are consr_stent with an

hypothesls of clay illuviatton when one would expect that fine cray

would move preferentially. This criteríon has been adopted in the
?soil Taxonomyr (sott conservatlon service 1975) for the recognition
of the arglll1c horizon. Ilowever, the evid.ence is not conclusive

since lt courd be argued thaË fine clay may be generated by weathering
of coarser gralns in the B horízon and not in the A (differentíar

weatherlng) or that there has been weatherl-ng throughout the profile
with loss of fine clay products from the A horizon.

4.3.3 Detalled particle-slze analyses

Results of the detailed partícle-size analyses are presented as

1og probabiltty plots for selected A and B horizons of each sequence

(Figures 43 (Gooromon ponds), 44 (shinglehousc creek), 45 (Nov¡ra

creek), 46 (Ilawkesbury River)). There is a similarlty, in both the
form of the plot and the nanner in whtch this changes wiËh time,

between the four sequences.

Particle síze distributions for the A horizons characteristically
have a steep secÈron in the sand srze range and a much flatter :
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Figure 43.2 particle-size distributions of B horizons of Gooromon Ponds soils
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Figure 44.1 Particle-size distributions of A horizons of Shinglehouse Creek
seçßrence
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Fígure 44.2 Particle-size distributions of B horizc.ns of Shinglehouse
Creek sequence
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Figure 45.1 Particle-size distributions of A horizons of Nowra Creek sequence
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Figure 45.2 Particfe-size distributions of B horizons of Nowra Creek seguence
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îígure 46.2 particfe-size distributions of B horizons of Hawkesbury sequence
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gradient 1n the s1lt and clay range l-ndlcaÈlng the predoml-nance of

sand. I,llth tlrne there ls a decrease l-n the gradient in the clay range

demonstratlng a loss of thls fractl_on.

The log probabllity plots of B horlzons have three segments.

This ls partlcularly obvtous in Èhe Hawkesbury plot (figure 46.2)

lrhere there ls a steep gradient in the flne clay range (0.06 -

0.2 urn), a flattening ln the coarse clay and sllt range (0.2 urn -

20 trn) and then a steep gradient in the sand range. The fine clay

segment steepens significantly wlth time shouring that there is a

signiflcant increase l-n flne and very flne clay at Èhe expense of the

coarse sllt and fine sand fraction. H5 ts disttnctly blrnodal. The

large percentage of flne gravel in IL5 is due to the presence of

ironstone nodules, probably formed in situ.

4.3.4 Cumulative partlcle-size distribution index

The CPSD index was calculated from the detalled part.icle-size

data after excludlng the gravel and adjusting the accumulatlve

percentages to Ehe range 0-2000 un (Tables 10 (Gooromon ponds), ll

(Shinglehouse Creek), 12 (Nowra), 13 (Hawkesbury). Langohr and van

Vliet (I979) consider that values in excess of 94 indicate extremely

high similarity because saurpling and analyÈ1cal errors are of such a

nagnitude that 94-100 could be considered identical; 35-94 lndlcates

hfgh similarity; 70-85 is considered similar.

Using this criterion, Ehere appears to be good evidence for

parent material homogeneity 1n most profiles. There are several

, exceptions whlch can be grouped into two categories. In the first are

the surface layers of G3 and H2 (respectively, the 0-I2 cm and the

15-30 cm layers). These layers are llthologically very different. In

the second category are the older profiles of Gooromon Ponds (G4),



72.

shinglehouse creek (s3) and Nowra (N4) wtrere the lor^¡est layers appear

to have a different sand slze distrlbutl-on from Èhe upper horl_zons.

These may be llthologtcal dl-scontlnultl-es, buÈ not necessarlly.

An assumption 1s rnade in the calculation of the CPSD fndex that

the integrity of the sand fraction Ls maintalned followlng deposltion.

However, subsequenÈ pedogenesfs rnay alter the partlcle-slze

distributlon in a number of ways. For example, mobillzation of lron

and segregation into gravel size nodules and concret.ions rnay isolate

sand size gral-ns (chapter 6). rn situ physical breakup of sand grains

(particularly quartz) fractured during transport and deposl-tion, will

cause an increase in Èhe proportlon of Èhe fl-ner sand fraction.

whereas a constant ratio 1s unlikely to have arisen by chance, and is

therefore good evidence for textural uniformity of the parent

material, lack of agreement rnay be due to several causes not

necessarlly related to lfthological dlfferences. rn these cases,

other evidence Ís requlred to isolate the cause(s).
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Proflle horizons depth nurnber CPSD index

G1 2

96.L

3

84.7

84.5

À1

IIC

IIIC

0-6

I8-32

42-56

I

2

3

G3 2 3

67.2

70.4

4

63.2

70.1

88.7

5

68. I

79.8

67 .5

70.7

Alt

ÃL2

B2I

frc2

IIC3

0-r2

24-32

4L-55

7B-88

102-1 15

I

2

3

4

5

I5.6

G4

0-6

2I-3r

57-69

I 1-96

96-rI2

2 3

82.4 65.3

53.7

4

56.4

47.3

87.0

5

84.9

68.2

7 5.7

7 1.5

All

A22

I

2

3

4

5

92

c

c

G5 2

93. 3

3

94.2

98.9

4

92.1

90.4

90. 9

5

82.5

7 5.9

7 6.8

84.3

6

7 8.7

7 2.1

7 3.0

77.7

92.3

A1

L2

B,2I

822

831

c2

0-B

8-18

30-32

42-52

65-7 3

I 20-140

1

2

3

4

5

6

Table 10. Cumulatl-ve particle-size distrlbution l-ndex of sand fractions for

selected horizons of the solls of the Gooronon Ponds sequence.
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Profile horlzons depth number CPSD índex

s1

86.7

3

7 4.7

6r.4

2

A1 0-6

20-30

50-70

1

2

3

s2

0-B

20-30

42-52

70-90

90-r r0

2 3

87.1 g2.g

92.6

4

7 5.7

84.4

92.3

5

7 6.3

83.4

88. g

95.9

All

A13

B1

IICl

TTC2

I

2

3

4

5

S3 2

93. B

3

89.6

9l.B

4

92.4

89. g

91.1

5

7 L.L

77 .4

78.3

7 r.0

6

59.8

63. B

67 .5

62.2

77 .5

AI

B2T

822

B3

cl

c2

0-7

L7 -28

28-38

38-48

68-88

B8-108

I

2

3

4

5

6

Table 11. Cunulative particle-size distribution lndex of sand fractlons for

selected horizons of the solls of the Shinglehouse Creek sequence.
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Proflle horizons depth number CPSD lndex

NI

cl

C2

IIC

5-18

32-4s

4s-55

89.7

3

85. B

93. 9

2

I

2

3

N2 3

93.5 92.r

95.7

2 4

93.7

90.7

92.7

AII

AI2

B

C

o-7

7-20

30-4 I

50-60

I

2

3

4

N3

B1

B2T

822

B3

0-10

r0-25

25-35

35-50

50-70

4

81. 9

89.4

93.0

5

85.4

92.9

94.2

94.4

2 3

Ä.1 I

2

3

4

5

92.s BB.7

95.2

N4

A2

B3

A1

B1

82

C1

CI

0-5

5-17

I 7-30

30-40

40-60

B0-r00

1 20-1 40

1

2

3

4

5

6

7

2

95.6

3

96.6

95. B

4

94.1

92.5

9I.B

5

91.0

78.3

82.5

78.1

6

64.2

61.4

64.6

61.5

81.6

7

60.6

57 .B

61. 0

57 .9

7 6.L

91.2

Table 12. Cumulative particle-slze dlstrlbutlon fndex of sand franctions for
selected horizons of the Nowra Creek sequence.
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Profile horÍzons depth number CPSD index

H1

40-58
5B-90
90-1 20

2

93.0
3

94.2
93.2

IICl
Ífcz
IIC3

1

2

3

H2 2

7 3.7
3

7 4.0
98.6

4
67 .2
9r.2
91.4

5

55. I
81.5
81.1
87.9

IIA
IIBl
IIB2 1

II83l
IICl

r s-30
45-67
67-88

I 10-r30
150-170

I
2

3
4
5

H3 2 3

99.1
98.7

4
92.0
91.7
92.2

5
94.5
95.3
95.1
9r.7

6
95.0
95.1
95.2
88. B

94.5

A1
A3
B1
B2l
BC

c

0-18
18-32
32-48
48-70
90-1 20

r50-170

I
2
3
4
5
6

99B

H4 2

89.7
3

92.5
83. 3

4
80.9
7 6.4
83. 9

5
94.4
77 .4
87.4
96.5

A1
B2L
B.23
c
c

0-1 I
Lr-23
43-70

100-130
I 30-1 60

1

2
3
4
5

H5 4
86.2
91.8
BB. O

I
2

3
4
5

2

92.I
3

92.5
92.9

5
97 .6
91 .8
94.4
86.4

A1
A22
B.2l
B22
BC

0-1 0
20-35
35-60
80-100

I 30-1 60

Table 13. Cunulative partlcle-size dlstributLon index of sand fractlons for

selected horizons of the soils of the Hawkesbury River sequence.
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4.3.5 tr{eathering lndex

It was not practical to calculat,e the weaËhering lndex for any

profile because there was llttle variatlon in the fine sllt:total silt

ratio r^rith depth for any profile with the posslble exceptlon of N3

(table l4). On Èhe basl-s of thl-s crLterion there has been an

inslgnificant contribution to Èhe clay fractlon by chenlcal weatherlng

of silt sl-ze partLcles.

Gooromon Ponds

G1 G3 G4 G5

x d

.42

.42

.49

0

24

4T

78

r02

.58

.55

.54

.54

.52

2L

.53

.52

.48

.42

.51

0

B

30

42

65

I20

.43

.43

.48

.52

.54

.49

57

81

96

18

42

S1 s2

Shlnglehouse Creek

r d

S3

tdrd

0

20

50

.50

.36

.45

0

20

42

70

90

.61

.66

.64

.64

.65

0

t7

28

3B

6B

88

.41

.45

.45

.49

.47

.45

Table 14 (conttnued over page)
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Nowra

NI N2 N3 N4

rrrd d r d d

5 00

3045

32

.45

.44

.50

7

50

.40

.44

.46

.42

0

10

25

35

50

.49

.48

.42

.39

.34

5

t7

30

80

t20

.37

.37

.36

.34

.38

.36

.44

40

H1 H3

Hawkesbury

d

H4 H5

rdtdrd

40

r

5B

90

.35

.38

.38

.49

.51

.51

.52

.54

.57

.34

.37

.44

.55

.48

0

18

32

4B

90

150

0

11

43

100

130

.31

.35

.4r

.42

.43

0

20

35

80

130

* d = depth

t r = ratio

(cn)

fine sllt: total silt

Table 14. Ratlos of fl-ne silÈ:total- silt (2-5 rm:2-20 r:m) of selected horlzons

for soils of four terrace sequences.
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4.4 Concl-usions

The length of tlme of mechanical disaggregation has a profound effect

on the fLne clay: coarse clay ratio, subtle changes in whlch are used to

tdentlfy whether clay movement has taken place during pedogenesis. It ls

not possible to choose a partlcular shaking procedure whlch is entfrely

saÈisfactory; a compromlse ls necessary.

In all four sequences there is a progressive increase in the fLne

clay:total clay ratio wlth tlme in the B horlzons, a result which 1s

consistent wlth a clay llluviation hypothesis. The CPSD index indlcates

that most proflles had a texturally uniform parent material; the few

exceptions coul-d have a number of causes. There is no evídence for a

significant contribution to the clay fracÈion by ln sltu chenlcal

weatherl-ng of the silÈ fractíon.
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Chapter 5

Physical weatherl-ng and soil developrnent

.1 Introductlon

![hlle weathering is generally consldered to mean physlcal, cheml-cal

and biologlcal weathering, the vast najority of pedogenlc studies have been

concerned with the nature and extent of chemical and biological weatherlng

mechanísrns, particularly chemlcal. There ls a paucity of data for Èhe role

of physical breakdown in so1l profile development.

In solls on Mt. Kenya, Zeuner (1949) observed varlations in part.icle-

size of anorthoclase which he attrlbuted to sp1-ittíng along cleavage

planes. Severe and frequent. frosts are coûrmon in thts area and it

therefore appears that cryoclastic breakdown of mlns¡¿1 gralns 1s taking

place. Arnaud and llhiteside (1963) observed a redistribution in partlcle-

slze of horl-zons relative to their parent materials from four different

Great Soil Groups. They concluded that there had been physical breakdown,

by frosÈ actl-on, of Èhe larger rock fragments and minerals. Expansion and

cont.raction of r^taÈer, rather than of the ml-nerals and rock fragments

themselves, r^ras consídered the maln factor.

In podzols (Typic haplorthods) formed 1n sandy maÈerials in Denrnark,

Nornberg (1980) observed that there is a tendency for the proportion of

sllt and clay slze partlcles Ëo increase wlÈh age of profl-le. He concluded

that this has resulted from a t\^ro stage processo First, Èhe release of

less reslstanÈ minerals from rock fragments in sand and gravel fractlons,
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followed by fragrnentaËlon of these minerals l-nto finer partl-c1es. Again,

cryoclastlc breakdol¡In seems the most llkely mechanism. It 1s also the

conclusion of Bronger and Kalk ( 197 6) who reported the breakup of mfcas and

feldspars ln situ. However, 1n temperate regions not subject to frosts, or

only lnfrequently so, there wt11 be no freezlng and thawing.

Brewer and l^lalker (1969) noted a decrease in the presence of rock

fragments in texture contrast soils with age at Kempsey but dfd not propose

a mechanlsm. If this decrease was due to in situ disintegration rather

than chemlcal alteratl-on another mechanl-sm, other than freezl-ng and

thawing, would have to responsible sínce the solls are not subject to

frosts. One possible mechanism is the actlon of shrinklng and swelllng on

rock fragments and míneral grains initially weakened during transport and

deposition. Evidence for this process comes from several studies. Moss

(1973) and Moss and Green (1975) have noted marked weakening of quartz \

grains, ln the form of microfractures, from alluvial deposits and concluded

that repeated statlc loading and collective movement ln water weakened the

particles considerably. Rítchle et aL. (1974) observed that volume

changes and fabrlc re-arrangement associated with arglllic horízon genesis

largely obliterated traces of rock structure presence in the parent glacial

ri11.

It is important to determlne the extent of physical breakdown of

coarse particles, apart from its contrlbution to the clay fraction. Parent

roaterial unlformiEy 1s usually assessed from changes in partlcle síze

distributlons of mlnerals of the sand fracÈion on the assumptlon that there

has been l1ttle alteration as a result of pedogenesls. Since the intensity

of chemlcal weatherlng increases with decrease in particle- slze, and will

therefore have its greatesÈ effect on the finer partlcles of silt and clay

sl-ze, this assumption appears reasonable, from a chemlcal standpoint.
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However, any removal or addltion of sand wlll affect particle-slze

distrlbutl-ons or ratl-os of resistant mlnerals and roay lead to the

conclusion that the parenÈ materlal was texturally l-nhomogeneous whereas it

was the result of pedogenesl-s wfthtn an lnltially unlform material.

Few quantit.ative studies have taken thls process l-nEo account. Smeck

et aL. (tg8l) found that shale dÍsintegration contributed clay to the 82

horlzon but that chemical weatherlng of coarse clay and silt to fine clay

was the domfnant pedogenlc process.

The purpose of Èhis chapter is to determine the extent of physical

breakdown of the coarse fraction and the contrlbutlon that this may have

made to textural differentiation tn the terrace soils.

5.2 Methods and materials

5.2.L Measurement of quartz

Coarse clay (2-0.2 .oo), fine silt 2-5 rm), coarse silt (5-20

um) and flne sand (20-53 um) were separaEed from a selection of

soils representing the A, B and c horizons of the terrace sequences.

The coarse fractions, 53-125 um and 125-2000 um, were obtained by

wet sieving. Fractions )5 urn were hand ground uslng a mortar and

pestle wlth acetone. sarnples were mounted in an end-loading sample

holder with a teflon backing (schultz 197s). The lnrensities of the

quartz line at 3.3440 was determined on an X-ray diffractometer

set at 40 kV and 60rnA and 40 receiving silts. Each plate \aras run

twfce, for a tlne of 50 sêconds each, and a mean count calculated.

The quartz content of the fine clay \^ras not measured because early

experiments established that there \^/as líttle quartz in the

fractlon. The percentage quartz v¡as determlned by calculation,

knowing the elemental chemlstry (chapter B) and nass absorptlon

coefficlents of each elernent (Norrish and Taylor 1962).
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.2 Measurement of proportl-on of rock fragments

50-250 r¡n fractl-ons \¡tere separated from the same horizons as l-n

5.2.1 after gentle end-over-end shaking wtth calgon as a dispersanÈ.

Sub-sanples rÁtere mounted on glass slides and ground and polished to

30 r¡n thlckness. Rock fragrnenÈs and individual grains were counted

by Èraversing the slide wiËh the ald of a poinÈ-counÈing stage.

Grains lntersecting the horizonÈal grid llne ln the eye-plece were

counted.

5.3 Results and dl-scussion

5.3. I Partfcle-slze dístrlbution of gravel

Depth functions of gravel and fíne silt * clay índicate lfttle

rel-atlonship between the two. If there had been a signlflcant

contribution to the finer fractlons, especlally ln Èhe B horlzons,

from dislntegration of rock fragments and mlnerals of gravel síze,

there should be a general decrease ln gravel content ln those

horizons. Partícularly should thls be so ln Ëhe older members of

each sequence where clay contents are hlgher. However, this is noÈ

the case. The older soils, G4, G5, N4, H4 and H5 show an l-ncrease

in gravel over the younger members ín their respeetive sequences

(Figures 71, 72r 73r 74). Thls gravel appears to have a pedogenic

origln slnce the gravels are mostly nodules and concretions of

sesquioxide. Evidence for nobilízation and segregation of oxides of

iron can be seen in thln sections of Èhese soils (Chapter 6).

In splÈe of the foregolng sËatement there appears to have been

breakdown of gravel. rn all sequences, except that Hawkesbury where

there is 1itt1e or no gravel 1n the flrst three members of the

sequence, there ls a marked decrease in the gravel from Lhe youngest

to the nexÈ member in the sequence í.e. there is a decrease from Gl

to G3 , 52, to 52, Nl to N2. But the profiles G3, 52 and N2 show no

5.2
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horfzon of clay enrlchment desplte the substantlal loss of gravel.

Texturally, they are relatLvely unÍform. Comparfson of 52 and 53,

N2 and N3 shows that there 1s ltttle change ln gravel but the

presence of a strong textural B horl-zon. It appears that gravel mny

llave broken down, Ln situ, throughout the uhole proflle of the

next-younges.t soils producing clay whlch was subsequently

translocated to form the textural B horl-zon of the older solls.

Thus, whlle physl-eal dfsintegration has occurred, it ls not

responsible tper set for the textural B horlzon.

.2 Quartz content of the soll separates

In most of the older proflles of the terrace soils, there ls an

lncrease 1n the quartz content of A and B horizons relative to the

parent rnaterlal (ratre ts). Exceptions to this are s2, which shows

llttle change, G4, which shows a decrease, and G5 in which there was

an increase in all fractlons excepÈ flne and coarse sand which

showed sltght decreases in the B horizon compared to the C.

coarse
Profile horizon depth clay

(cn) (0.2-2urn)

fine
s 1lt

( 2-5urn)

coarse
s ílt

(5-20um)

fine medium coarse
sand sand sand

( 20-53un) ( 53- 1 25 un) ( I 25-2000 urn)

G1

G3

G4

G5

A1

^r2B1

C

A2
r22
831

I3
47
69

B6
BO

66

BB

B4
75

92
86
9B

Gooromon Ponds

53 65t2 20

6 62
64

83

87
B5
90

73

74
78

77
74
B2

93
B7
83

76

6B

B2

67
64
77

B3
76
79

All
821 46

5r
56

78
B1

1B

20

53
33
2l

57
57
66

64
72
76

9
47
B5

29
25
32

Table 15 (conÈlnued over page)
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S1 A 25 13

S2 L4
47
BO

r4
43
78

1l
I

11

9I
77
7l

99
98
93

^I2B1
IIC

10
11
10

5B
63
64

89
9L
92

92
93

Shlnglehouse Creek

39 70

23
27
26

39
20
25

93 100

r00
92
95

98

89
68
72

r00

79

þ2
B3

CI

S3

NI

N2

N4

CI t2 2B

Nowra Creek

50 58 70 81 65

74
7T

73
79

89

85

N3

Ã12
B

BI
B.22

18
42

27
29

4I
46

14
36

2

35
130

37
33

45
39

46
63

54
BI
6B

57

60

60
79
67

BB

BB

B9

92
B2

69
86

69
65

75
78

A1

B2

cl

84
90
B3

86
83
75

H1

H2

n3

H4

H5

IIC

IIA
IIB2 I

23
78

6

33
115

49

Hawkesbury River

28 53

62
69

67
73
55

87
86
73

52

35

69

96
99
91

91
90
74

100
74
62

91 9B

BB

101

100
r00
89

t9
t6

43
43

7B
B4

9i
9r

89
9B

93

34
34

26

A3
B.2l
c

25
59

160

A1

822
c

1B

22
t2

73
7T
s6

100
9B
B1

r00
94
81

90
94
BB

A22
B2l
BC

28
4B

145

93
26
19

BB

44
2l

r00
96
96

Table 15. Quartz content of separates from selected horizons of the soils of

the terrace sequences.
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These results cannot be explalned on the basis of a phystcal

weatherlng hypothesls. On Èhe basls of such an hypothesl-s, the

lncrease of quartz in the flner fractlons must be mat.ched by a

correspondlng decrease in the coarse fractlons. Thls 1s only

observed in G5 and even there the decreases ln quarÈz of the fine

sand are slighÈ compared to the blg tncreases l-n the coarse clay and

fine silt. The results are besÈ explal-ned by a preferentlal loss,

from all fractl-ons, of minerals other Èhan quartz. This loss could

be a combination of chemical breakdovm and illuvlation of flne

colloid ((0.2 un) l-nto the B horizon or from the proflle entirely.

0n the latter hypothesis, the fine fractíons, especially the coarse

clay and fine sllt, should show a greater increase, relative to the

C horlzon, than the coarser fractions because chemlcal weatherlng

would be more pronounced fn the former. Thls 1s so. Moreover, with

âBêr the difference between quartz contents of A and B horizons

compared t,o the C should increase. This was observed (cf H3, H4 and

H5, Table 15). The decrease in qvartz of G4 may b: due to the

breakdown of gravel whlch is htgher in ml-nerals other than quartz

compared to the flne earth.

llowever, there nay still be breakdovrn of quartz and quartz-

bearing minerals from coarser fractions to provide an increase of

flne materlal in the coarse clay and sllt. But the resultant

decrease 1n the quartz content of the coarse fractl-ons nay be masked

by a simultaneous, but. htgher, loss of the weaÈherable minerals.

Thus, there could stlll be a net increase in Èhe quartz, content of

the sand fractions even though disintegration of quartz bearlng

mlnerals was taking place. One way of testing thls ls to plot the

partlcle-slze distributlon of quartz. If changes ln quartz



Figure 75 Particle-size distribution of quartz within the major
horizons of the soils of the Gooromon Ponds sequence
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Figure 76 Particle-size distributions of quartz within the major
horizons of the Shingle House Creek sequence
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percentages as observed ln Table 15 were only occurrl-ng as the

result of changes ln the weatherable ml-nerals, there should be no

change in the partlcle-sl-ze dl-strlbutlon of quartz throughout the

profile.

The particle slze dístrlbutlons of quartz were calculated and

are shown ln Figures 75, 76, 77 artd 78. In the Goorornon Ponds

sequence, G4 shows a slight decrease in the coarse fraction of the B

horizon. This loss shows up as an increase l-n the fine sand and

sl1t. There 1s little conÈrlbution to the coarse elay. The effecÈ

l-s more pronounced in the older G5 profile. There is little change

l-n quartz distrlbutions of Shinglehous'e Creek soils indícaÈlng that

physical dislntegration of quartz 1s lnsignificant. In the

Hawkesbury sequence there is a relatlvely uniform distríbution 1n H3

but in H4 there is a gain l-n flne sand and silt at the expense of

the coarse and medir:m sand in both A and B horizons. In H5, and

also N4, the trend ls reversed and there ls an increase ln the

proportfon of quartz In the coarse sand and a decrease in the flne

and coarse silt and coarse clay. Thls l-s probably caused by a

breakdown of fine-grained q,rartz by chernlcal weathering.

Breakdown of rock fragrnents

Rock fragmenÈs were l-dentified as any graln which appeared to

be made up of tr¡ro or more dístlnct particles. Some graf-ns hTere

highly fractured and ít was difficult to determine whether it was

one fractured graín or a number of grains of the same mineralogy.

ÌÍost were desl-gnated rock fragments whlch means that there rÉy be an

over-estimation of the proportion of rock fragments (table 16).



94.

Proffle horlzon depth

( cto)
fragments

(%)

depth

( crn)

rock
f ragrnents

(7")

rock Proflle horizon

Gooromon Ponds Nowra Creek

GI

G3

G4

G5

A1

All
B2L

L2
B22
831

L2 76

46
6 B3

92

9
47
B5

N1

N2

N3

N4

cl

Al2
B

T4
36

2

35
130

66
64

t2 37

^12BI
C

75
73
72

B1

B22
18
42

2I
32

r3
47
69

49
65
65

A1

B2
C1

16
23
3l

Shlnglehouse Creek

425

Ilawkesbury River

IIC 49

IIA
IIB2 1

55

23
78

55
44

H1

H2

H3

S2

S1

S3

At2
BI
IIC

14
47
BO

39

82
u2

1

A1

A3
B2

c

A2
B3
c1

T4
43
7B

2T

36
26

6
25
59
160

27
27
19
r9

6
33

115

H4

H5

A1

822
c

^22R.2T

BC

28
4B

r45

2
18
25

8
9

22

Table 16. Proportion of rock fragments l-n sand fractíons of soils from four

terrace sequences.
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rn all sequences there is a decrease in the proportion of rock

fragments wlth age, an observatl-on conslstent wlth the changes 1n

gravel percentage l-n sectl-on 5.3.1. Apart from a decrease in the A

horlzon of G5, each profile has a relatl-vely uniform percent,age of

rock fragments. In the Shlnglehouse Creek sequence the lncrease in

s2 compared to sl l-s due to nâny grains belng cemented by iron.

This nay be an lnherlted feature but it ls more ltkely Èo be in sl_tu

urobillsation and segregation of iron (chapter 6). The l-ncrease with

depth of the rock fragments in the profr-les N4, H4 and H5 is also

ascrlbed to this process. The increase from the A horizon Èo Èhe c

horizon is greater in H5 than H4, a result whlch ís consistent wíth

the micromorphology whlch indicates a greater degree of sesquioxlde

mobilisatíon in the oldesÈ llawkesbury profile.

rt appears that breakdown of sand-size rock fragments has

occurred but the extent to whlch 1È has influenced other fractíons,

partlcularly the clay, cannot be ascertained. A very mild procedure

was used to tsolate the 50-250 rLn fraction. rf a more vigorous

mechanical disperslon had been used, sl-milar to that used for

determlnatl"on of the partlcre-size distributions (chapter 3) and

heavy nlneral ratios (chapter 7), rnany weakly aggregated gralns and

fractured minerals rnay have been brorcen down. l{evertheless, except

for the oldest proftles, there are no narked changes in proportlon

within any one profile lndicating that breakdor.¡n has been relatlvely

uniform within a profile.

5.4 Concluslon

From changes rn the depth functions of graver wtth tine, ít is
concluded that physical breakdown has occurred but that tt has not been

responslble for the development of the texÈural B horlzon. The rate of
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dlslntegraÈlon l-s partl-cularly high earþ tn pedogenesls, precedlng the

development of texture conÈrast,. Breakdown contrfbutes fl-nes to Èhe whole

solum and ls not generally any nore lntense ln one horLzon than'another.

Graln counts of iock fragments ln the medir¡n sand range lend support to

thLs conclusl-on.

It l-s concluded from the partlcle-sÍze dlstrLbutlons of quartz thaÈ

the contrlbution to the clay fracÈl-on fron physical dlsintegraÈion ls only

sltght and that other mechanisms such as chernical weatherl-ng and

llluvlatlon are of greater import.
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Chapter 6

l"li cromorphology

6.1 InÈroduction

Increasingly, rnicromorphology is bel-ng used to provide evidence for
soil processes and lt is an essential dlagnostic tool l-n several soil
classlfication schemes. In the Soil Taxonomy (Soft Survey Staff Lg75) the

,!S c€ u'cl

Èechnlque is used¡to decide on Èhe presence of an argilllc horizon. €JqÉ

f{J.h¿+---sc€+J on.

In Australia a number of pedogenlc studles have l-nvolved extensive use

of nicromorphology (e.g. sÈace et aL. 1968, churchward 1963) some

excluslvely (Brewer 1968, Sleeman 1964). Most studies have concluded thaÈ

whlle clay illuviation has occurred, l-t cannot be considered the mal-n

factor in the process of textural differenÈlatlon. In a study of four Red-

brown earths and four Red podsollc soils, Brewer (1968) measured, by point

countlng, the proportion of illuviated clay to Eotal clay and concluded

that tlluviatl-on was relatively ínsignlflcant and that weathering in sltu

vras the rnain factor.

Sleeman (1964) studied the structure variatlon of two Red-brown earths

frorn the Ríverine Plaln and co¡icluded that the Hanwood profil-e consisted of

five deposiÈlonal layers and the Denlboot.a proflle three. Soil formation

had occurred between some of the depositional breaks. Based on a mlcro-

morphological study of the nature lof the ferruginous and sÍliceous nodules
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1n the soils and hardpans as compared wlth laterltlc materl-al from the same

area, Brewer, Bettenay and Churchward (1974) declded that both the hardpan

and the overlying soll were formed ln colluvft¡n derlved from older

sllicifled laterltlc profiles.

I{owever, some processes rnay glve rise to sl-mlIar structures. Thus

void cutans may forrn by localised weathering of rnineral grains (Koppi IgSl)

or by translocation. Grain cutans may be a depositlonal feature 1. e.

inherlÈed from Èhe parent naterial, or formed by illuviation (Nettleton

et al I969). Thus, the llnk between mfcronorphological observatlon and

process is a tenuous one slnce there ls very llttle experimental

verificatton llnkíng the two. Approprl-ate weight can only be gl-ven to the

micromorphological evídence after due consideration of data derived by

other means.

rn the following chapter, rnicromorphological evidence for the

processes lnvolved in the development of texture-contrast will be presenÈed

and considered in conjunction with data for shrlnkíng and swelling and

particle-size.

6.2 Sampling

Undisturbed sections of sol-l were sampled from the plts as close as

practlcable to the site at hrhlch bulk samples were taken for chemical and

rnineralogical analysls and where the descripÈion was nade for the micro-

rnorphology.

A colurnn of soil 10 cm x 10 cm and length equal to the depth of the

plt was carved by kntves and chisels. The column was then cut into 5 cm

lengths, prised from the sol-l nass and packed into tlns with cotton woo1.

In the laboratory, pollshed thin sectlons 6 cm x 5 cm and approxl-mately

30 rm thick were prepared.
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6.3 Method of descrlption and Eermlnology

The terrnlnology used is essentially that of Brewerr s (1964) but the

descrlptions have been abbreviated for clarlÈy and Èo focus on evidence for

sedl-mentary layering and the klnd of reorganl-satlon that has accompanied

sol1 formation. Followlng the descrlptlon of each sequence, an

interpretation of so1l development is given based entirely on the micro-

norphological evidence.

An attempt has been mrde Èo estimate Èhe trends l-n proportlons of

pedologlcal features (Stace et aL. 1963), usl-ng Èhe symbols, (F)

frequent, (C) common, (0) oceasional, (n) rare.

6.4 Ìllcrornorphology of the Gooromon Ponds sequence

6.4.1 Description

Gl - Cow Flat Unit

0-B ArgiLLasepie porphgroskeLie fabrie. AnguLar skeLeton
B-75 g'naíns rnainLy quør'tz but rmny fine-graínedroek fragments.

IneguLa"n o'nthooughe (C). SingLe branehing ehanneLs (0).
)rganie fragmente (C).

21-28 As abooe.

35-42 Interteætie to porphyroskeLic fabnie' granuLa'n g'tehes.
Muclt more uoid spaee t\tart aboùe, Less o'nganíe fragments-
Sinrple p.eking uoide (E) artÅ inreguLar o'nthooughe (C).
PapuTn" ,0,. Roek fragnents (C), craeked arti" bneaking ínto
smaLLer fragments (ligures 79.7' 79.2). llith depth:
inerease ín graoeL anð. proportíon of granuLan fabrí'c and
sinrpLe p.eking uoids.

G3 - Bedulluck Unlt

0-7 ArgiLLasepíc porphgroskeLic fabrie. MarmniLLated orthooughs
(Fígune 79.3) (C), oceasionaL DesieLes and' fine, írreguLar
ehnnneLs (C). l'leLded feeaL peLLets (C) arti. iso- arú"

striotubuLes (C).

14-21 As abooe but g,eater uoid spaee. Many Large tughe up to
2 em across.
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23-29 As abooe but fabric d.a.rker in eoLour, more eoapser skeLeton
graíns. OecasionaL ooid ferniangiLLans, thin and &Lseon-
tinuous. Eabrie patehg, eonsisting of dense, Light-
eoLouned mater"LaL simiLar. to 0-7 cm juætaposed uith dnnken
Less dense fabnie uith greater ooíd spdee . With depth:
more eutane.

4B-55

56-62

74-87

B 5-92

SimiLar to aboüe. Large skeLeton gvains uith inon staining
ín fine eracks. Rock fragments and quantz gnains enaeked
and spLit (C) (Pigure 79.8).

Less organie rnatter but fabnie patehg as in 23-29. Dark
red-b¡.oun undifferentiated sesquioæidie gLaebuLes, diffuee
boundn'nies (Eigure 79.5). hon etainùng in noek frag:ments.
(Eigure 79.4). llith depth: gneaten pnoportion of glaebules
anã. Lese organíe nwtter,.

As abooe but q,eater. ppoportion of fine grained noek
f'nagmente uith intenee, red iron staining; anÅ. sesquioæidic
gLaebuLes. IrreguLar iron-stained noduLes utith eesquioæidie
haLo (0) (Eigure 79.6).

Densen fabnie than abooe. lleak ooinsepie porphynoskeLie
fabríe. Pe.rriangiLlarrc in most uughe, oeeasiorlaLLy thick
and. banded (ligune 79.7). PapuLes (C). GLaebuLes dß ahoùe.
Wíth depth: SkeLoosepie uith angíLLasepie patehes (Pigure
80 .1) ; abund.ant eutans.

G4 - Sprtng Unlt

0-6 AngiLLasepí,e porphgroskeLíc fabrie. Large propontion of
ooid epaee. lularwniLLated onthooughs (C), often intenLiril<ed.
ChanneLe (0). Meta aggnotubuLee (C). Mang síLtstone roek
fnagmente of eoarse sand anã. gratteL síze but aLeo ínonetone
anÅ. eongLomeratee of qua,rtz and siLtstone, ueuaLLy rounded
and. fraetuned (E).

20-27 As abooe but more úoide.
29-36

35-41- Denser fabrie; rrueh greaten proportion of pLasma;
skeLuoinsepie fabrie. Díser.ete, irneguLar orthooughs (E).
fwegular channels. Erequent skeLeton grains as aboúe.
Void fenniangiLLans (0), 70-50 un thiek. PapuLes (0).

42-49 SimiLar to abooe but some masepí,e fabrie in patches (Eigure
80.2). Cutans up to 200 um thick, strong eontinuous
orientation (C).

54-60 As aboue but gneater pr.oportion of cutans (Eigure 80.3), up
60-66 to 200 wn thiek, most 70-75 um, Less skeLeton gnaínß of

gnaueL síze. With depth: feuer cubans, Less pLaema.
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80-87 SkeLooinsepie fabrie. Feu ehannele; irreguLar Linked
94-101 orthouughs (C). Rounded ekeleton g-naíne of oanging

LithoLogy (quartzíte, eíLtstone, quantz eongLomerate.
Patehes of uoid argiLlane 5-50 um thiek. Oeeasíonal
papuLe eLuetens, up to 200 un thiek (Figure 80.4).

0-7

34-47

44-57

54-60

6 4-70

G5 - Tara Unit

Verg ponous, open fabnie; argiLLaeepie porphyroskeLie.
Ma¡nntíLLated orthooughs (C), eLongate ehanneLa up to Snvn
aerose (0). )rganíe fru.gments (C), feeaL peLLete (C),
organie aggnotubuLes (C). AnguLan quantz and. nound.ed
ironstorle of eoarse sanà. arLd" gnar.teL eíze (O). liith depth:
more porlous; e\nrp break
fabrie, described beLou.

at fu.se ( 23 em) to díff er.ent

"Tongues" and. poekete of angiLlasepie fab'níe similar to
surfaee mater"iaL ín ùoinsepie porphynoekeLie fabrie uith
rmtch g'neater proportion of pLaema; minon ekeLÐoinsepie.
Vugh anã" ehanneL argíLLane, moetLy thin and. diseontinuous,
5-20 um thíek; some continuous, up to 700 um. SkeLeton
graíns of eubanguLar quantz anÅ. ír,onstone noduLes. papuLes
(E), up to 300 m thiek. t{íth depth: Loss of poekets of
argiLLasepie fabnie, inenease-ínjropo"r,tion of ehanneLe and
eutans.

Baeie fabri,e as abole but Large sesquíoridie noduLes up to
5 em diameter (C). fntewnL fab-nie, generaLLg simiLan to
basie fabríe but some haue high coneentrations of gLaebuLes
uhieh haue argiLLaeeous \nLos.

Mauoínsepie fabrie. Cutans patehy, Less preoaLent than
aboue. PapuLes, higher proportion than aboÐe, up to 500 um(P). Metaskeu pLanes (0). Numeroue sesquioæidie nodues,
as abooe.

SimiLar to abooe but fabnie masepie (Fígune S7.s) and" mo-ne
numerous ehanneLs aLigned to form irregular ortho joint
pLanes.

73-80 Pabrie oomasepic porphyroekeLíe uith .ry.tehes of asepie
fabrie. VesieLes ani" orthooughs (C), ímeguLan ehanneLs.
Greater, proportion of uoid argiLLans, up to 500 um thiek,
(Pigure 80.6) anã. papuLes, up to L em. Inonetone noduLee
uith íntermaL fabnie oarying fnom und.ifferentíated to
isotropie (C).

84-90 As abope but d.eereasing pnoportion of eepie fabrie eLement.
PLasna. beeoming ínereasingLy eonfined to üoids.

D iscus slon

In Gl there has been little pedogenesls apart from the

lncorporation of organic matter. Distlnct sedlmenÈary layers are

6.4.2
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Fjqure 79.1 Profile G1 Granular fabric with sone qrains
showing evjdence of pre-weathering.

Figure 79.3 Profiìe G3,14cm l'lammillated orthovughs

Figure 79.5 Profìle G3 l'leat( vosepic fabrjc with
dìffuse sesquioxide glaebu le'

Fìgure 79.7 Profile G3,85cm. Compound void
ferri-argiìlan.

0.5 mm

FiguyeTg.2 Profile G1 Rock fragment breaking uP

Fi gure 79.4 Profi I e G3 ,48cm Fj ne grai ned rock fragment
wi th i ron hal o.

Fìgure 79.6 Profile G3,74cm. Rock fragment with
sesquioxìde halo.

i 9.8 Profi le G3,9Ecm. Quôrtz fragment
breaking uP along fractures.
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vlslble although there has been disruptlon due to bloturbatlon as

evl,denced by the nanmlllated orthovughs. The flne-gralned gravel at

the base appears to be breakl-ng lnto much finer fragmenÈs (Ftgure

79.2). The l-nl-tlal fracturl-ng probably took place durfng transport,.

Profiles G2 (not described here) and G3 are very sl-milar and

have rnuch higher levels of organfc matter than the younger Gl

profile. Numerous fecal pellets, mamml-llated vughs and various

pedotubules (plgure 81.1) l-ndlcaÈe considerable churning throughout,

but espeetally in the top 70 cm. The original sedl-mentary fabrlc

has been obllterated. There is rmrch evidence of l-ron movement in

the form of rock fragments, usually fine grained siltstones,

appearing dark red and losing individual graln identity and

irregular sesquioxidic concentratlons in the basic fabric with

díffuse boundaries (Fígure 79.4). Some nodules have an iron-rich

halo (rtgure 79.6). Plasna separatl-ons are confined to void cutans

and papules at the base of the profile (Figure BO.f). papules are

assoclated wtth former voids and, together wlth thel_r angularity,

appear Èo have orígl-nated as voi-d argillans rather than as a product

of grain weatherl-ng or as lnherited features.

In G4 there is a clear boundary at 35 cm separatl_ng a surface

horizon wlth 1ow plasna (argillasepic) from a clay-rlch subsoll but

there is no evídence that thls is a sedímentologl-cal feature. The

mlneralogy and conformatlon of the skeleton grains throughout are

sí,mllar and Èhere are no obvious sedimentary structürês¡ Reduction

1n rock fragments by in situ breakdown and clay illuviatton appear

to be the doroinant processes (figure 80.3).

The textural break between A and B horlzons is sharper in G5

than G4. The dominant processes appear to be segregatl-on of iron

and manganese oxides and clay tlluviatilon. Arglllans increase in
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proportl-on below 70 cm (flgure 80.6). The rnarked l-ncrease ín

birefrlngence of plasrna l-n the 60-70 cm zone, the increase ln

proportl-on of lrregular orthoJolnt planes and strong planes and

sÈrong rnasepl-c fabrtc are lndicative of strong shrlnk/swe1l forces

(ftgure 80.5). Papules below 55 cm represent disrupted void

argillans. The undifferentiated fabric of the sesquioxidic nodules

and the arglllaceous halo (Flgure 81.2) lndicate that they are

formlng at present and are not lnherited features.

6.5 l"licromorphology of Shinglehouse Creek sequence

6.5.1 Description

4-70

70-16

34-40

40-45

S1 - Trawalla Unit

T1'to fab'nie typee (Eigur.e 52.1) eeparated into thnee dietinet
zones of equal thíekness. I ArgiLLasepie porphyroskeLie.
frreguLar mantníLLated orthooughs (C). SkeLeton grains of
qua.rtz, ironetone, siLtetone (highLy ueathered). }nganie
fragmente (0). II Much more open fabnie, gnanuLar to
interteætie fabrie. )rthotughs. Conrpound and" sínrple
paeking uoids (F). PedoreLíets í,n fortn of highLy
bírefringent pLasma uith e\ntp boundar"Les (O). papuLes (0)
(Figure 82.3). IU SimiLar to I.
Distinet funÅ.íng of skeLeton gnaine (Eigure 82.4)
GranuLan, to inter- teætie fabr,íe. IrreguLan orthooughs (C)
and. ehanneLe (R). Numeroue papuLes ani. þedoreLiete L)|th
highLy biref'ningent Lattisep¿e fabrie.

BanÅ"ed fabrie of quartz anå" feLdspar graine uyLth moníe
fabnie (Figure 52.2). Bands hatte reLatíueLy uníforrn gT.ain
size and rvnge from 50-100 um to L5-20 um. GranuLar, fund.s
ane intuncaLated uith argiLLaeepic porphyroekelíe fabr,íe.
PedoreLicts (0), uughs a.s dbole.

Intercalation of a oarietg of gnanuLar and argiLLasepíe
ponphyroskelie fabriee eaeh of uhich hae a reLatiueLy
uníform ekeLeton grain eize. SimiLan to aboue in
nineraLogy. PapuLee (O), of tao types: some aith
continuous yeLLou birefringence, irneguLøn shape, graduaL
to diffuse boundaries; others uith LameLLar fabrie, eha"np
boundø'niee. Vugh argiLLane (0).
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52 - Shtnglehouse Unlt

Dark, organie rLeh, argiLLasepic ponphyroekeLie fabrie.
)rganíe fragmente (F). EeeaL peLLete (E). Numerous ieo-
aggrotubuLee (E). Poroue, marnníLLated metaoughe (C);
eLongate irreguLar ehanneLs. LíthoreLiete, eubanguLar to
subround.ed eiLtetones, moet tith eesquioæidie eoating (C).

SímiLar to abooe but dieerete patehee of granuLan, anå
interteætie fabrie uith eoarse tftineruL graíne (mainly
quartz).

As abote. AggrotubuLee lwue oariety of eonfonmatione antå"

sharpness of eætermøL boundnry oí2. diffuee, graduaL, elean.
PapuLee (R). Sesquíoæidie noduLes (C) of tt'to tApes; d.ense
ieotnopic; undifferentiated Dith üo¿d fenniargilLans.

Denser fabrie, oughe smaLLer, oeeasionaLLy manvniLLated
(Eigure 82.5). Some uesieLes, often aith neddish
sesquioæidie hta.Lo. Basíe fabrie simiLan to 24-37 .
l,lith depth: Lighter fabrie, Lese o"nganie fragments, moÍ.e
aggrotubuLes tLth díffuee boundal,tes .

39-45 As abooe. Renm.ants of fine grained sedimentarg bands
(Eígune 82.6 ) . PapuLes (O) . ,tith depth: uugh cutane.

45-52 As aboue. feotropíe sesquioæídie noduLes often haue
argiLLaeeous and. fenruginous lla.Los and. ough fenriangiLLans(0) (Pigure 82.7).

67-67 Denaer fabrie; ooíneepie porphynoskeLie.

67-72 Lese organie matter than abote. Vughs (C) anå. oentieal
ehanneLe (O). Vugh anÅ. ehanneL argiLLana (0) (Eigure B2.S).
CLusters of papuLes in ueaklg d.eoeLoped argiLlaeeous
gLaebuLee, díffuee boundnrLes (C). htith dgptht teæturaLLy
anÅ. strueturaLLy more homogeneous faTiîe.

79-85 As aboue but thieker anÅ. mote contínuous ehanneL argíLlans
(pLane neoetrians) (Eigure 83.i. ).

53 - Doongalla Unít

0-7 AngiLLasepíe porphyroskelie fabrie. 7nganie f.nagmente (C).
B-14 IrreguLar onthooughs (C), up to 5 em æ 1- em, oeeasiono,LLy

interconnecting. Eine graíned LithoreLiets ( Figure 53.2 )
(0).

0-7

L 6-22

24-3L

32-39

L 7-23

23-29

Abrupt ehange to reddish yeLlou deneer fabnie; maüoinsepie.
Masepie eLement'in díserete patches anå" as eíngLe
striatí,one. Vugh and. channeL argiLLane. papuLes (0).
VesieLee anã. obLate oughs, oecasiona.Lly intereonneeted.

SimiLar to abooe but stronger tauoineepie eLement. SLtanp
boundaries betüeen eepie fabrie eLemente arú. argíLLasepie
fabnie uhich ie aLnoet granie. Eíne, eLongate joínt pl,anes,
some uíth pLane neòetrians, others coated uith fine sand.-
eize quantz and. feLdepan grains of granuLar fabnie, eimíLan
to 0-7 em. Víth depth: deeneaee ín Ðoid eutans.
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F'iqure 82.1 Profile S1,4cm. Sedimentary ìamìnae

,lOO/n'l

Fjqure 82.2 Profj'ìe 51,34cm. Clay coatings around
skeleton graìns

Fìqure 82.3 Profi le S1,1¡ctr. r-ranular fabrjc vriih
sedimentarY bandìng.

.'5.
Figure 82.4 Profjle SI,40cm. Granular fabric showinq

ìnherited papules.

Figure 82.5 Profìle S2,39cm. Arq'illaceous porphyroskel jc
fabflic r.rith mammi]lated orthovuqhs.

Fiqure ô2.6 Profile 52
fabric wit

,39cm. Argi ììaceous porphyroskeììc
h fine sedímentary laminae.

4Ê'

Fìgure 82.7 Profiìe 52,54cm. Arqi tlaceous porphyroskelic Fìqure 82.B Profile 52,61cn. Argìlìaceous porphyroskelìc
fabric rvith irrequlãr sesquioxìde nðdr'ìe!. fabric with granular pðtches and void cutans
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32-38 Fabrie uith hígh bírefníngenee; masepíe uith eubdominant
Lattísepie eLement (Eigure 83.6); Looe'n propor.bion of
granuLar fabrie. )ntho anå. metatsughe (C), Joint planes (C),
VesieLes (0), Void eutarts (0), PapuLee (C).

54-67 As aboüe but hígher proportion of gnanuLar fabrie as ín
23-29 em, Lees ehanneLs than abooe and feue'n associated
plaerru. sepanatione; thieker ooid eutans but proportionateLy
Less than aboÐe.

63-70 As abooe eæeept some sesquíoæidie gLaebuLee with
undiffer.entiated fabrie (Eigure 83.7), eLear to graduaL
boundaníee (0). Fnaetured LithoreLieta of sand-eízed quartz
and. síLtstone (0). Void ferrLargíLLans (0).

74-80 SímiLar to abooe but Tnttisepíe fabníe noa dominant; masepíe
eLement minon Less sesquioæidíe gLaebuLee. More, and.
thieker ppuLes anå. eutans. Patches of highLy oesieuLar
fabrie. C*tannele ( 0 ) .

Discusslon

Sl is clearly a recent alluvial deposft. Sedimentary banding

l-s clearly vísible throughout (Figure 82.1) and, although there has

been some dlsruptlon by faunal activity, there are discrete paÈches

of fine and coarse gral-ned fabrfc clearly vlsl-ble (figure 82.3)

Accelerated eroslon has taken place 1n the catctunent since man flrst

settled. Evidence of thls ls vislble ln the surface layers in the

form of highly blrefringent pedorelicts, the morphology of which

bears a st.rong resemblance to the maseplc fabric of Èhe B horizon.of

53. Papules are inherlted features, not formed in sltu (Flgure

82. 3) .

52 has a relatlvely uniform fabric throughout. It ls rtch ln

organlc matter although this decreases progressively with depth.

There l-s evídence of considerable biological activiÈy in the form

of casts pellets and ísotubules. This faunal bioturbation is

probably the cause of the relatively horoogeneous fabric (l'igure

82.5). At depth (l rnetre) the tubules have been parttally

incorporated ínto the naÈrix and generally have only dlffuse

boundarles. Clay tlluviatl-on 1s minlnal, there being a weak
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voinsepic fabrlc froro 61 cm and occasional vugh argl-llans fron 25

cm. Although the dense, l-sotroplc lron nodules are probably

lnherlted, there has been ln situ movement of Lron as evidenced by

diffuse sesquloxidic glaebules (figure 82.7) and occaslonal

ferrlarglllans.

The main soll formíng process ln 53 is clay illuvlatl-on. This

is more obvlous at the base of the profile where there are thíck

void argillans and clusters of papules. The papules are ernbedded

void argillans (figure 83.5). Nevertheless, only a small proportlon

of the total clay is in the form of cutans; most l-s present as

oríented plasma. The presence of jolnt planes and masepic fabric ín

the B horl-zon (Figure 83.3) is evídence of considerable shrinking

and swelIing. These joint planes are often surrounded by granular

aseplc fabrlc 10-50 cn thick resembllng material from the A horizon

(figure 83.4). Iron mo-vement has taken place (l'ígure 33.B).

6.6 Mlcromorphology of Nowra sequence

6.6.1 Description

0-5

5-L0

1 E 01! ¿-¿t

3 0-36

Nl - Tapttallee unlt

ArgiLLasepie po'nphyroskeLie fabric uíth granular and"
íntenteætie patehes (Figure 54.1-). Numeroue roek fragments
up to 6em, moatLy fine gnaíned íron-rieh síLtstonee ar1Å.
quartz congLomerates ?'tith íaotropíe sesquioæidie ¡røtniæ
(Eigure 84.5. )rthooughe (C), Organie fnagnents (C).

Basie fabrie as obooe. Some pedoreLíets LrLth highLy
birefringent pLasrm..

More pLasrru., ínsepíe fabrie. Thin, díseontinuous
argiLLane (0). Inerease ín size of grateL; mineraLogA as
in 0-5em. hreguLar orthoùughl, often íntenLínked to gioe
por.ous fabrie.

Diserete p.tehes of open granuLar fabnie, oceasíona.Lly
band.ed (Eigure 54.2); eimpLe paeking ooide (C); eanã. size
grains of uníform size. Abrupt bounáa,ry to densen fabrie
ùith üeok skeLuosepie fabrie. Sesquioúde noduLes uíth
ísotropie core and diffuse, mãifferentiated outer boundø¡,A.
GnapeL size íron staí,ned LithoreLiete (E).
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47-47 Ae abooe

47-53 Ae aboue

57-63 As aboùe

N2 - Minnamurra Unit

0-5 Dark, organí,c rieh; argiLLaeepíc porphyroskeLíe fabr,íc.
)rganie fragments (C). Mat¡tniLLated onthooughs (C) (tigune
84.6). Numerous ísoaggrotubuLee (F), eLear to diffuee
bound.aríes. Vughs (E). VesieLes (C). Poroue; d.pp'raoæ-
imateLy 40% fabrie is Ðoid spaee.

71-77 As abope but tith bright red iron etaining around smã.LL
ooíde (C).

27-33 Basíe fabrí,c as abote but uíth some Large, LithoreLiets wLth
34-47 íTon stained fraetu'nee (d (Figures 84.7, S4.S). Denser

fabrie than surfaee. Numerous í'nneguLar branchíng ehannels.

42-48 As for 34-47 em but oeny thin, discontinuous ooíd" argíLLans
(figure 85.7), ooineepie fabric. Increaee ín proportion of
anguLan gratseL.

4B-54 As abooe but Loue¡, pe'neentage of gratteL, and. fíner.
56-62 Ae abooe but Less organie matter; mone díecrete sesquioæidie
62-68 - organie gLaebuLes utith díffuse, irreguLar boundaries;

stronger ooinsepie fabríe.

N3 - Nowra unit

0-6 Dark, highLy organíe - 'nieh angíLlasepie ponphynoskeLic
fabrie. Large inteneonneeted metatsughs (O). VesíeLes (O)
SpherieaL, sesquioæidie noduLes (Eigure 55.2 ) . PedotubuLee(C). )rganic fragments (C). Feeal peLLeta (C).

75-27 As aboÐe but Less ooíÅ. spaee, oeeaaionaL papuLes.

30-36 Abnupt change to highLy birefringent fabrie; skeLtosepíe,
minor insepie. PapuLee, often eLuetered (C). Numerous
eesquíoæidie noduLes aa abotte. CL¿armeL ferriargiLLans (0)
(Fígure 85.3).

45-57 As abooe but skeLÐoeepie fabrie not as stnongLy eæpressed.
Leee papuLee. Lese enaLL sesquíoæidíc noduLee. More
eesquioæidie gLaebuLes utith &íffuse bounÅ"a'nies, often
assoeiated uít\¿ ooids. StriotubuLee eonrmon.
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N4 - I^Iandandlan Unlt

0-5 GnanuLar øtd interteætie fabníee. Paekíng uoide (E).
frneguLar metatsughe (C). Numerous eub-rounå"ed íeotropíe
eesquioæide noduLee. 2rganie fragments (C).

15-27 Top gs abooe. At 78 em, abrupt ehange to pLasma-rieh
fabríc; ekeLoomaeepíe (Figure 55.4). Joint pLane angíLLans.
CLueters of fenriargiLlaeeoue papuLes (C) (Eigure gs.6).
Some rm.jor ehanneLe tith asepie, granuLar fabnie eimiLan to
0.5 em. fronetoyp noduLes. llith depth: stronger masepí.c
fabrie.

2B-34 As aboùe but mdífferentíated ferri- argiLLaceoue gLaebuLes
42-48 (C), eLear to díffuse bounãnries, masepie fabníe eLements

often transgress (Fígure 55.6). ArgiLLans, up to 700 um
(Figune 85.7 ).

58-64 As above but ppuLe cLusters more frequent.

72-78 As abooe but increase in ferriargíLLaeeous noduLes, Less
ironstone noduLes.

85-97 SkeLoomasepie fabníe but rmsepie eLement not as strorryLg
L22-L2B eæpnessed anã" patehes of insepíc. nith depth: dec'nease in

maeepíe eLement (Figune 85.8),
angíLLo:ns.

thicker ppuLes artã.

Dl-scussion

Nl is an immature proflle showing ltttle evidence of

proflle development apart from some sltght clay movement to form

weak discontinuous arglllans at 30-36 cm and some lron movemenÈ to

form thln coatings around voids ín the natrix(Flgures 84.3 and

84.4). The clay and iron uray have originated by lateral movement

from upslope. The profile is colluvlal because of the juxLapositlon

of different fabrlc types with distinct boundaries. There ls

little evidence of bioÈurbation.

The nain sol-l-foruing process in N2 has been bioturbation

which has produced a relatively homogeneous Èexture and structure

throughout the proftle. Clay ílluviation has been minlmal. There

ls some segregation of sesquioxfdes as mottling (lrregular nodules)

in the lower horizons.
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Fì9ure 84.1 Profile N1. Distìnct granular and
arqil lasepic fabrìcs.

Fjgure 84.3 Profile N1. Sesquioxide concentration around
void(sesqan).

Figure 84.2 Profi le Nl. Sedimentary banding

Fì9ure 84.4 Profile N1. Argiìlasepìc porphyroskelic
fabric with sesquìoxìde co¡centration enclosino

Fiqure 84.6 Profi'ìe N2,I1cm. l4ammìllated vughF'igure 84.5 Prof'jle N1. Chitonic fabric
'"lfrtoi,"

Fiqure 84. / Profile N2, 2lcn. Fractured fìne grained rock
fraclment(sìltstone) wìth sesquìoxìde concen-
tratjons along frðctures.

Fiqure 84.8 Profile N2,42cm. Fractured rock fragment

)
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N3 and N4 are texÈure conÈrast profl-les. In boËh, the

doml-nant process appears to be clay l-lluviation because of the

numerous void arglllans throughout the proftle (Ftgures 85.3, 85.7).

Papules are also common and are lnterpreted to be embedded vold

cuÈans rather than the product of weaÈhering of mlneral grains

(flgure 85.5). Shrlnkfng and swelllng has nodified the texÈure ln

the upper B horlzon, more strongly so ln N4 than N3. Thls ls

indicated by jolnt planes wlth llnings of A horizon material. Lower

in the profl-le, Èhe masepic element is not as strong but Èhe papules

and void arglllans are Èhicker. Possibly shrink-swe11 forces have

not dlsrupted and l-ncorporated them into the matrix.

6.7 lulicromorphology of Hawkesbury sequence

6.7 .l Descrl-ption

Hl - Lowlands unit

22-26 GranuLar fab'nie (Figures 86.7, 86.2), pøtehes of
porphyroskeLie argiLLaeepíe. SkeLeton girains, eubanguLar,.
)nganic fnagmente (C). Packing ooide (E).

44-48 As abooe but dnnker,, more olnganíe fragments, Lees porous.
Diffuee pedotubuLes (0). Rare ferniargiLLans.

64-70 As abooe
92-98

71.0-776
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33-39

53-62
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H2 - Unnamed

Inhomogeneoue fabrie; argiLLaeepie porphyroekeLíe uíth
granuLar patchee. IeotubuLee (0). Oecasioru.L ooid
ferniargiLLans. }rganie fragmenta (0). Dieturbed by
pLoughíng.

l,leak ooinsepie fabníe; birefringence of pLaema Lou.
Eerr"LargiLLane, etnong eontinuous o'pientatíon, up to 50 um
thíek (Figure 56.3). VesíeLee anã. írneguLar orthooughe (E).
Onganie fragments (0).

As ahoue but Ltith oeeasiorla.L thiek ferriangiLLa¡teeous
papules, up to 50 um.

72-29 As obooe. Patehes of tuto mineraLogieaLLy
as iudged by eoLour; ferrLargíLlans (red,
(yelLou, 0) .

dístinct eutans
0) anÅ argiLLans

86-92 As abote but Lees organie nøtter, Líghter in eoLour artd
L05-1L7 greaten pnoportíon of coa'nser skeLeton gnains (mainLg

qua.ntz) > 50 um. With depth: íneneas ing eoarse
graíns > 250 um.

720-L26 SimiLar to abooe but thin grain cutans; skeLuoinsepie
1-32-1-38 fab'nie (Eígure 56.4). Pr.opontion of eutarø aame a.B aboue.

H3 - Late Clarendon - Cranebrook unfÈ

0-6 ArgiLLasepie porphyroskeLie fabríe (Fígure 86.5 ), granuLar
patehes. Potous tLth itr.eguLar metattughe (E) anÅ. einrpLe
paekirq ooids (C). SkeLetoi graine, anguLan, > 200 um (C).
)rganie fragments (C). AggrotubuLee (C).

27-27 Ae f or 0.6 em but uith ieoLated eLuster.e of fer,niargilLane(0), up to 1,00 um thiek. llith depth: pnoporti,on of pLasma
LncreaaeS.

35-4L Higher proportí,on of pLasnn (Eígure 86.6); ueak
skeLvoínsepie fabrie. PenriargiLLans (C) (figure 86.7).
Metatsughe (C). Paeking ooíds (C).

57-57 SkeLoosepíe fabrie, u)eak masepíe (0); patehes ín fabríe
uhieh are aLmoet asepie anã. hnue sh.a.np boundnr"Les tith
bíref'ningent fabrie. GranotubuLee (0). Sesquiorí.d.e
eoncnetions (0) uith díffuse to prominent bound.arLes.

73-79 As aboue but greater numbet, of gLaebuLes; internaL fabnie of
uhieh is undífferentíated (i.e. B horizon - Like) or
differentiated (A hunizon - Líke); outer rim eæt be
isotropie (E) or ferrLargiLLaeeous. GranotubuLes (0).

95-707 Ae abooe
725-1,37
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H4 - Early Clarendon - Cranebrook Unlt

4-70 GranuLar uith eírnpLe and eornpound. paeking ooíde (F) anã.
írreguLar e\¿annels (0). feotropíe íronetone noduLes (E).

18-24 Abrupt ehange to híghLg bLnefringent pLaema; ekeLoomasepie;
diserete granuLan Lininge in eoarse ehanneLe (ligure 86.8).
Undifferentiated eesquioæide gLaebuLee, irreguLar e\nrp,
díffuse boundanies (E). feotropíe inonetone noduLee (0).
Aggro anÅ" striotubuLes (0). Metauughs (C) anÅ. ehanneLe (O).
PapuLes (C). Voíd argiLLans (0).

30-36 As abooe
53-54

73-79 As abooe but skeLoomaeepie not as strongly erpnessed.
84-100 PapuLe elusters up to 7 em (Eigune 87.4).

706-1L2 Less pLasma, skeLooeepíe. More open fabric uíth metatsughe
(C), packing üoids (C) but absenee of channeLs.
Sesquioæíde glaebuLes (O). Void argíLLans (1), up to 7 em
(Fíguree 87.7,57.2). Papules (F) (Eígure 87:P),

716-122 Ae abooe but uith joint pLanes (0) uith assoeínted nnsepie
fabrie element. ÍIith depth: deerease ín masepíc eLement.

L46-L52 Ae aboüe

H5 - Londonderry UniÈ

B-74 GranuLar,, utith sirnpLe anã. eornpound ry.cking ooíde (E) and
íntenLinked metauughs (O). SubanguLar skeLeton gnains.
feotropie íronstone noduLee (F).

L9-25 As aboue but Lese porou+
36-40

42-48 To 44 em, as above. BeLou, slnrp b'neak to ekeLmauosepie
fab'nie uith ooid angiLLaræ Vtauing etrong eontinuous
orientation (r). PLasma. in S-matriæ íe dnrk red,
ferriargiLLaeeous. fronetone nodules (C) uith sesquioridic
haLos. Papules (F), up to 700 um (Fígune 87.5). frreguLar
ehanneLs (0). Vughs (C).

46-52 SkeLoomasepíe (Eigures 87.4, S7.S). DLetinet bLotehiness
in fabric; d-atk red-bnom patehes uith high sesquioæíd.e
conLent uíbh ooineepíe fabrie transgneesed by pLane
neostnians (E) (Fígure 57.7) arú. oerg paLe yeLLoù ttgrainytl
patehes ,tyith nøtsoeepíe fabnie. CltnnneLs (E) Vughs (C).
Isotropie ilonstone noduLee (C). Sesquane (E) anå argiLLans
(F) (Eigune 87.6).
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Figure 86.1 Profile H1,44cn. Granuìar fabric

Figure 86.3 Profìle H2,33cm. Vojd ferrj-argi lìans and
undifferentiated sesqujoxide nodule.

IOO¡m,

Fì9ure 86.5 Profìle H3,2cm. Argìììasepic porphyroskelic
fabri c .

IOO¡m 1

Figure 86.7 Profiìe H3,43cm. Voìd ferrì-argilìans and
dì ffuse , i rregul ar sesc¡ui oxì de gl aebul es .

Fiqure 86,2 Profile H2,16cm. Sedimentary bandinq

lOOr¡m
-^J=-

Figure 86.4 Profìle H2,120cm. Voskelsepìc fabric,

r-.-ÞÞ
lOOpm

Fì9ure 86.6 ProfileH3,51cm. Thjck papules with strong
continuous orientati on.

Figure 86.8 Profile H4,73cm. Granular fabrìc lining
channel .
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Figure 88.1 Profile H3,73cm. Sesquìoxìde glaebuìes with
undi fferentìated fabri c.

Figure 88.2 Profìle H4,30cm. Djffuse ìrregular sesquioxide
nodules,strongly adhes j ve.

e o fi
6 ui,ji'

ffi.,
) 1 '''r

)
e

t

Ð

e

Fìgure 88.3 Profjle H5,51cm. Two forms sesquioxjde nodules
l.normdl ;equant,rounded,sharp external boundary
2..irreguìar;dìffuse externaì boundary,strongìy
âdhesive. Iron stainìng aìong channeis.

Figure 88.4 Profile H5,120cm. As for figure 88.3 except
sesqu'ioxìde segregation more discrete.
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67-67 Ae abooe but bLotchiness more prominent anã. bound.ariee
76-82 betueen k¡o beeome tnorae &istinet.
90-96

704-770
776-722

126-L32 As ahooe but tith greaten proportion of ooid anå. ekeL-
eutane. lTtiek eontposíte eutaræ of eesquans and" argíLLøns.

D l- s cus s l-on

Hl is a relatively unf-form alluvia1 deposit. Layering of

skeleton grains of different size but slmilar mlneral-ogy ls

vlsible. There ls considerable evidence for the alluvial orlgin of

the parent material in H2 as expressed by the zones of skeleton

gralns of different sl-ze and banding withln zones, especíally in

surface horizon (Figure 86.2). Pedogenesis has been ml-nimal

apart from some ninor clay illuviation. Clay and sesquloxlde

movemenÈ have occurred in concert because many of the cutans are

ferriarglllaceous. There has been no deposltion of clay around

skeleton grains; ít 1s found only ln voids.

The gradual increase ln plasma fron l0 to 57 crn and the

similarity of nineral and gravel assemblage throughout the whole

proflle of H3 suggest that soil developmenÈ has taken place in a

relatively uniform sedimentary deposlt. The main processes have

been clay illuvlatfon and segregatíon of l-ron. There is evl-dence

for considerable faunal actlvlty throughout the proflle 1n the form

of aggro- and granotubles. This bloÈurbatl-on may account for the

different forms of sesquioxidic glaebules ln the B horizon. Some

are spherical, wlth an ouÈer organo-sesquioxide rin with an internal

fabrlc sl-mllar to the A horizon; others have B horizon - like

internal fabric (tr'igure BB.1). The former may have been emplaced by

sol-l anirnals or they nay be older glaebules which formed prlor to
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segregatlon of plasma and developmenÈ of B the horl-zon. The latter

are more recent.

There l-s a strong texture contrasÈ between A and B horl-zons of

H4 but lt is not possible Èo be sure that the t\.ro vrere forrned ln

sltu from one deposlt or whether they had a different geologfcal

origln. Clay llluvl-ation (flgure 87.2> and iron segregatl-on (Ftgure

88.2) are the domlnant processes but the former may not necessarily

account for the textural B. 0n1y a snall proportion of the clay l-n

the upper B can be attrtbuted dlrect.ly to clay concentratlons (void

and grain argtllans); the dominanÈ amount is present as clay

separations; hence the strong rnasepic fabrl-c. The maxlmum amount of

cutans occurs at the base of the profile i. e. it does not coincide

with the total clay maxirnum (Fígures 87.t, 87.2).

There has been considerable shrlnking and swelling, as

índicated by the linings of A horizorr - like rnaterlal in Jolnt

planes (figure 86.8). Thts extends Èhroughout the proflle. The

presence of discrete ironstone nodules ln the rnatrix of the lower B

horizon may be accounted for by Èhis process.

In I15 there 1s evidence for considerable chemlcal weathering ln

situ, clay translocatlon and segregation of sesquioxides (Flgures

88.3, 88.4). Iron and rnanganese have weathered from t.he clays to

forn discrete brlght red sesquloxide glaebules leavlng patches of

pale yellow, almost whl-te, rgralnyr plasma (Ftgures 87.4). The

plasna concentrations and highly convoluted and contorted indicating

extreme pedoturbatlon.
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6 .8 General dlscus sl-on

All four sequences show remarkably slmllar ml-cromorphologtcal trends

as a functlon of tlme and four dlstl-nct stages of soll proflle development

are proposed.

In stage one sedimentary features are prominent l-n all the youngest

proflles adJacent to the stream channel (Gl, sl, Nl, Hl) and there is

little pedogenesls, apart from some mlnor clay illuviation ln Nl which may

be lateral movement from upslope.

During the second stage there l-s consl-derable faunal pedoturbatlon (G2

and G3,52, N2' II2). It 1s particularly obvious ln the surface but has

also occurred at depth () I uetre) because of the numerous l-sotubules.

These structures exhiblt various forms; the youngest having distinct

external boundaries and appear dark compared wlth the rest of the natrix;

the oldest ones are fragmented and have dtffuse outlines. There is

inclplenË l-ron movement.

rn stage three (G4, N3, H3) clay i-lluvr-ation and segregatl-on of

sesquloxides are the dominant processes. Significant bioturbuÈion is

,:onfined to the A horizon. Because cutans and papules (ernbedded votd

arglllans) are comnon throughout the profile, a relatlvely large arnount of

the plasma can be described to elay movement. Ilowever, as the clay builds

up in the B horlzon, (G4, s3, N4 and H4 are examples) the sepÍc fabrlc

becomes rnore highly blrefringent and ubiqultous, especlally tn the upper B

horlzon. A much smaller proportion of the clay is present in cutans and

papules i. e. ruuch less of the plasma can be confidently ascrlbed to clay

llluvation. The maximr¡rn ln llluvlated clay shtfts t.owards the lower B

horízon and therefore there is a progressive displacement of the illuviated

clay and total clay maxina wlth time. Total clay maxim¿r occur in the BI

and 82, illuviated clay m¡xiua in the 83.
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Some workers have lnterpreted this phenomena as weatherl-ng 1n sltu

l.e. chemlcal breakdown of sllt and sand. However, the skeleton gral-ns

show llttle evidence of weatherl-ng. It would be expected that, for such a

large amount of clay to be formed fn siÈu, that many grains would show

weatherlng features such as dlffuse edges and an l-ncrease l-n, and variable,

birefringence. This was not observed.

An alternative hypothesis is that the clay bulldup represents a

further stage in the clay illuvlation process. As more elay is deposited

1n the B, one would expect the potentlal for shrlnklng and swelling, ln

response to seasonal rnoisture fluctuations, to fncrease. Thl,s effecÈ vrould

be more pronounced at the top of Èhe B and should be reflected in the

mlcrofabrlc of the soil. rn all four sequences thts appears to be Èhe

case. The BI/82 horizons of G4, 53, N4 and H4 show thick and continuous

plasma separations in the fonn of a strong vomaseplc fabric. This fabric

type is considered by rnany workers (node 1964, NeÈtleton et aL 1969) as

lndicatíve of shrinklng and swelllng. The presence of granular, asepl-c A

horl-zon material in the joint planes 1s further evidence that pedoturbation

has been taking place.

Profile Horizon Cole Profile Horizon Cole

G4 Ati

Ð.2

B1

B2

C

A1

A2

82

B3

CI

N4

H4

A1

A2

B1

B2

C1

AI

B2l

823

B3

C

s3

0.007

0.004

0.016

0.015

0.023

0. 003

0.008

0.019

0.015

0.o24

0.006

0.023

0.048

0.069

0.057

0. 003

0.045

0.055

0.027

0.025

Table 17. COLE values for varlous horizons of four terrace soils.
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rn rable 17 rhe col,g:6iîîr;Jr;t'":i" upper B horrzon or all rour

profl-les. Thus the absence of void cutans, clusters of papules and gral-n

cutans would be expected. As clay llluvlatlon progresseE, Èhe shrl-nk-swe11

potentlal lncreases, and further clay moving lnto Èhe B horÍzon is rapidly

l-ncorporated into the fabrlc. cutans do not form, or if they do, are

qulckly destroyed. Cutans are definite evldence that movement has

occurred; however absenee does not necessarlly mean that tlluvlatfon has

not taken place. The results presented here are consistent wtth the data

of Holzey et aL. (1974) who found that the degree of stress-oriented soil

fabric ís inversely related to the occurrence of illuviatlon argillans.

In stage 4, chemical weathering becomes the dominant so|l forming

process. This is parËicularly evident l-n profiles II4 and H5 of the

Hawkesbury sequence where clays in the B horízon lose íron and aluminium to

forrn glaebules rich in sesquioxides. The presence of highly contorted and

convoluted sesquans and argillans indicates that localized clay movement

and pedoturbatl-on are continuing. Darkening on the ped faces at the top

of the B indicates a second phase of clay llluvlation (probably as a clay-

organic complex) has begun.

It is hypoÈhesized that the development of lateritic profiles does not

necessarlly need a change in cllmate to very r^/arm, rnol-st troplcal or

subtroplcal. The onset of mineral breakdown in stage four can be explaine,il

slnply as a feedback response to intrinslc processes occurrl-ng \,rlthin the

profile. Bulldup ln clay in the B horl-zon, and loss from the A, creates an

horlzon of relatively low permeabíliÈy which remalns mol-st for much longer

períods. Reduclng conditions, conduclve to chemical weatherlng, increase

in lntenslty and duratlon.

The mícronorpl-rology of these sequences Èhrows doubt on the separate

sedírùentary layerl-ng hypothesis as an explanation for the Eextural contrast

between A and B horlzon. hrhtle distinct serilimenÈary (al1uvial or



6

r27.

colluvl-al) layers can be observed in the youngest profl-les, these textural

bands are destroyed in stage 2. The bioturbaÈLon fn stage 2 homogenfses

the proflle and subsequenÈ pedogenesl-s (stages 3 and 4) takes place ln a

relatlvely unl-form (texturally, strucÈurally, nfneralogtcally) parent

naterl-al 1.e. subsequent Èextural dlfferentlat.lon l-s not the result of

Lnherltance but l-n sl-tu soll fornlng processes.

.9 Conclusl-ons

The pedogenlc history of the four ehronosequences was similar,

Followlng deposltion of the parent maÈerlal there vras extensl-ve, and

lntensive homogenisation by soil fauna producing a relaÈively uniform

textural proflle. Clay tlluviatl-on and iron segregation gradually became

the dominant soil formlng processes.

As the clay cóncenÈration l-ncreased, pedoturbatlon by seasonal

shrinklng and swelling, dl-srupted (or prevented the formation of) cutans

and produced a pedal B horizon with promlnant plasma separaÈlons. In the

flnal stages, chernical weathering in situ became progressively more

signlflcant.
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Chapter 7

ElernenÈal Chernistry

Introductl-on

Elemental chemlstry has been used extensl-vely fn pedogeneic studies to

provl-de evidence for the provenance of the parent material, as an indlcaÈor

of weaÈherl-ng and as a basis for calculatlng the losses and galns of nobl-1e

consÈltuents.

Establlsh¡rent of the unl-formity of the parent naÈerial ls a pre-

requisite for any pedogenetlc study 1n order to enable changes to be

ascribed to soil forming processes and noÈ to lithological díscontlnuities

(chapter 1). rlowever, even in a deposiÈ whlch was orrginalry uniform

texturally, variatlons in the resistant mineral assemblage, and hence its

chemlstry, are to be expected sfnce some degree of sortlng has been

observed in most recent sedimentary deposits (t'litchell 1975). The

significant point therefore, is that variaËions in the propertíes of the

parent rnaterial should be minor compared to those produced during soil

development (Brewer 1964).

In vlew of the difficulties fn selecting a suitable resistant mineral

(see chapter I for dlscusston), it J-s surprising to note Èhe number of

studies whlch use only one. rt would seem prudent to use, not only a

number of different minerals, but also a number of slze fractions.

However, in most so1ls, resistant minerals are present in very low

concentrations. Statlstlcally sound deductl-ons can only be made lf these

mlnerals can be lsolated in sufflcient quantity for identlfication and

counting. An alternative is to use concentrations of elements specific for

these rnlnerals as a measure of the abundance. Zirconl-um and tltanium, as

lndices of zlrcon and rutJ-le, have been most widely used (..g. Chapman and

Itorn 1968, Srnith and l,Illding 1972, Sudom and Arnaud f971). Recenrly Murad

(1978) has suggesÈed yttrlum, whlch occurs predoml-nantly ln xenotlme.
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Another whlch has been used 1n sedimentologlcal studies but not, to the

authorrs knowledge, fn pedogenetlc sÈudies, ls monazLte. In the 20-100 uut

fractlon of densl-ty 2.96 gro .t-3, phosphorus can be used as a chemlcal

lndex (ulrchell 1975).

Assessment of the degree of chemlcal weatherl-ng can be nade using

ratios of the concentrations of weatherable to resistant mlnerals ln the

sllt fractlon. Beavers et aL. (1963) used CaO '. ZxO2 molar raÈ1os as

an index of weathering 1n six loesslal solls conprisl-ng a chronosequence

and were able to show that the degree of weathering was closely related to

the pattern of loess thlckness. Foss and Rust (1968) used CaO : ZrO2 and

Fe2O3 t ZrO2 ratl-os to lndicate a period of soll developrnent between

the deposition of two sedimenÈs. Most studles have shown that the

intensity of weathering is greatest in the A horizon although the najority

appear to have been on podzol proflles. These have shown a relatlvely

rapid rate of chernical decompositl-on of less resistant minerals e. g.

ferromagnesium ml-nerals. Krebs and Tedrow (1957) studled three different

soils of the same age and found thaÈ the amount of weatherl-ng decreased in

lhe order Podzol, Grey-brown podzolic intergrade, Brown podzolie.

I,Ieathering intensiÈy has also been studied as a functlon of tiure (nuhe

1956, Bharracherya 1963). Ruhe (1956) observed llttle weatherl-ng in soils

< 61800 years old but that thereafter, up to 1001000 years old, there was a

progressive lncrease.

Losses and gains of constltuents as a result of soil development have

been calculated on the basis of a reslstant rnineral but such calculatl-ons

are critically dependent on thro factors, the choice of parent,rnaterial and

the choice of the stabler lmmoblle constl-tuent (Chapter 1, Brewer 1964).

Assessments are nade in relation to this unaltered component. Most studies

have used only one stable constituent, often zirconir:m but. occasionally
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quartz (Bourne and Whltestde 1962) and tltanfr-¡m (Wttatng et aL. 1972).

Few workers have assessed the l-nternal standards desplte Èhe marked

l-nfluence these varl-aÈions have on the result.s. Sudom and Arnaud (f97 1)

evaluated quartz, zlrconium and titanl-um and showed thaE the weatherlng and

rnobilisation of titanlum ln all fractlons linited lts usefulness. From

soils derived from rmdstones in a typlcal catenary sequence in lJales, Evans

and Adams (1975) assessed the usefulness of zl-rconl-um, tltanium, quartz and

the residue from tri-acid treatnent (Akhtyrstev t96B). They also found

t.itanitm had been rnobilised. Linear regressions showed that there was good

agreement between the other indtces.

Calculations of losses and galns have shown a marked redistribution of

elements and minerals withln the soil and losses from the profile (".g.

!trílding et aL.1972, Evans 1978). A ferv studies have reported the

redístribution of clay. Barshad (1965) concluded that clay migration is

the most l-mportant process in the occurrence of an horizon of clay

accumulation and the large changes in chemical composition of the whole

soll. Smeck et aL. (tSaO¡ showed that some clay is contributed by

carbonate leaching and shale dislntegration but Èhat comminution of coarse

clay and silt to fine clay ls the dominant process.

rn this chapter, data on the elemental chemlstry will be used to

provide evídence for the relatlve importance of three hypotheses proposed

to accounÈ for the textural differentiation of the solls of the terrace

sequences.

7.2 Methods

7.2.1 Bulk denslty

Bulk densl-ty was measured by a technique sfmilar to that of

Brasher et aL. (1966). Clods of soíl 7-10 cn dlameter were prized
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froru the plt face l-nrmedl-ately adjacent to the sectlon where samples

were Eaken for chemical analysls. Three or four clods were taken

for each horlzon. The bulk density of each clod was measured at r/3

bar and oven drled. rt was found necessary to rnodify the proeedure

of Brasher et aL. (1966). rn order to ensure even and complete

wetting up after coating with saran resln, each clod v¡as ground flat

on one surface by carefully rubbtng on a coarse glass paper. The

smooth surface so obtal-ned obviated the necessity for packlng of the

clod wlth glass beads to ensure enough contact wlth the plate. Frorn

the bulk density values, the coefficient of ll-near extensibillty

(COlf) was calculated.

Acld resldue

DupllcaÈe Ig sanples of flne earth from each horlzon of every

terrace soll were digested for I hour wíth a tri-acid mixture of

HCl, IIN03 and H2S04 (Hardy and Foller-Snirh 1931). Each

sample was heated to 80oc. Thl-s was contlnued until all brown

fumes had disappeared, after which heating was continued for one

hour. The residue was washed several times wlth distllled water

usl-ng a centrifuge, dried and wel-ghed. Any duplicates whlch varied

by more tt.an 27" \¡rere repeated.

Heavy mlnerals

From each horl-zon, fractions of size l0-125 trtr r^7ere isolated

by sedirnentation to remove ( 10 r:n and by wet sieving to remove

) 125 r¡n. Heavy mlnerals of denstfy ) 2.96 gr .r-3 
".t. 

separated.

centrlfugally in tetrabromoeÈhane from IO0 g sub-samples of the l0-

125 r¡n fraction. since earlier studies had shown that heavy

minerals constltuted (27" by wetght of the flne sand and coarse silt
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fractlonsr very large quantltles of soil lrere necessary from those

horlzons hfgh ln clay ln order to ensure an adequate amount of

mineral for analysis.

Clay separaÈions

25 g soil was mixed with 25 rn1 of 2M sodiurn chloríde 1n a 75

m1 plastlc vial and shaken on a Spex l"flxer M111 for 30s. Up to

2009 were fracÈionated for horizons low in clay, 50g for those B

horizons with high clay eontents. The samples were dlalysed agafnst

distilled rnrater until all salt was removed. The dialysls procedure

was adopted Èo reduce the loss of fine clay whlch lnevltably occurs

when salts are removed from suspensl-on during washlng and

centrifugation. Clay was removed after gravity sedimentation of

larger particles.

Flne clay (<0.2 r¡n) rvas separated frorn coarse clay (2-0.2 un)

by two methods.

In the prell-minary study on the Urrbrae loan (Chapter 1) clay

vras separated l-n an l"lSE High Speed 18 centrifuge or a Sorvall RC-28

centrifuge fitted w1Èh a continuous action rotor. Dispersed clay

(<O.SZ suspension) was purnped at 109 crn3 rnln-l through a flow

ce1l surrounding the stephorn of an ultrasonic probe lmmediately

prior to entering the rotor. Centrlfugatl-on was carried out aÈ

91000 rpm. The coarse clay inside the rotor basket was resuspended

and recentrifuged three times. Both coarse and fine clay fractlons

were concentrated to 2 ll-tres ín a cyclone evaporator at 40oC,

further concentrated ln a rotary evaporator and finally f.teeze

drl-ed, welghed and stored at OoC prlor to analysls. This

technlque ls ideal when large quantl-ties of clay are requl-red or

where Èhe concentratlon of flne clay ls so low that large volumes of
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suspenslon must be centrl-fuged. I^Ihere these condltl-ons did not

apply, clay was fractlonated ln a centrlfuge wl-th swl-ng-out buckeÈs

at 5000 rpm. Flve or slx centrlfugatlons utere requlred Ëo remove

the clay. Concentratlon and drytng was perforned in identlcal

fashion.

Chemical analysis

Fractions of slze )5 r¡n i.e. 5-10, f 0-20 and )20 tm vrere ground

in a tungsten carbide rnill to a fíne powder. After ignltlon in a

furnace at 1OOOoC, 0.28 g of each sample was ml-xed with 1.529 of

lithiurtr borate and lanthanun oxide and a glass disc made. Elemental

analysis r,ras carried out by X-ray fluorescent spectroscopy according

to the method of Norrlsh and Hutton (1969). Yttrlum and zl-rconíurn

were measured with the sclntillation counter. Matrlx corrections

were made for each e1emenE.

CalculaÈlon of losses and gaíns of constituents

Reconstruction of elernental and clay gains and losses

accompanylng soll development were calculated on Èhe basis of the

stable constituenÈ method of Brewer (1964). Changes l-n volume,

thickness and weight were also computed by Èhls rnethod.

If Vp = volume of parenÈ maÈerial from whlch the present day

horizon was derived then

Vp=VsDsRs

Dp Rp

where Ds = bulk density (at ll 3 bar) of weathered soil horizon

(g 
"t-3)

Rs = % of stable constituent in a certaln slze fxaction x %

of this sl-ze fractlon ln the whole sotl (g per 100 g)
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Dp = bulk denslty (at l/3 bar) of parent materl_al

(g cnt3)z

Rp = Z of stable constl-tutent ln a partl-cle sl-ze' fractlon x
' i( of thl-s slze fractl-on ln the parent material (g per

100 g)

Change ln volume (aV) on solI developnent is glven by

AV=Vs-Vp

and the relatl-ve change in volume

=.Vx100

Vp

If \^Ip 1s the welght of parenÈ material frou which welght of

present day horizon (Ws) was derl_ved, then

I,rtp = Vs Ds Rs

Rp

and the change in wetght (¡\,1) ls gl-ven by the relationship

AI,tr = Vs Ds (1 - Rs)

Rp

The weighÈ of elemental constltuent or clay (x) 1osÈ from, or

gained by, an horlzon is given by the formula

X = Ds (px - Rs pxr)

where Px = % by weight of constituent x in the present day

horizon

Pxr = 7. by welght of constltuent x ín the parent

materlal

Net changes of constltuents can be compared on a volume basis

in terms of galn or loss 1n g per I00 cur3. In order to compute

the total loss or galn from a whole proftle or group of horlzons,

'the thickness of the horlzons must be taken ínto account by
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multlplytng the net change in an horizon by lts Èhlckness and

summfng the products.

Loes or. gaín of cLag by migration Calculatlons ouËl1-ned

above give only the net change in a constl-tuent durlng soil

development. There 1s no lndicaÈl-on of the relaÈive importance of a

partlcular process. An attempt was made to assess the relative

importance of clay illuviatl-on and clay fornation by apportioning

the losses and galns to each process. The nethod ls based on the

loss of elemental oxl-des from the non clay fractl-on (2-2000 tm)

relatl-ve to Èhe parent material (Barshad 1965).

If f 1s the amount of elay formed in the A horizon fron 100 g

of non clay parent materl-al then

f="1-"lbl

b2

I I- ^2b'
T

% oxide (e.9. Fe2O3 and StO2) in rhe

non clay of the parent rnaterl_al

Z oxlde (". g. Fe2O3 and SiO2) in rhe

non clay of the soil horlzon

% oxide (e.g. FerO3 and SiO2) in rhe

clay fraction of the soll horlzon.

clay formed in the A horizon which resulted in

of non clay 1n 100 g of soil (f') ls calculared as

where

bI, âl =

bz, ã2 =

bl, tl =

The amount of

Ëhe presenÈ amount

follows

F = f (100-d)

a

(r00-f) k



136.

llhere

d=%clayLnAhorizon

k ls the proportlonaltty factor affectfng the oxlde

content (e.g. Fe2O3, SiO2) of the non clay of the

A horl-zon due to losses or galns oÈher than to clay

formatlon and l-s gl-ven by

k=100a1-fal

a2 (100 - f)
k was calculaÈed for a number of oxldes vlz K2O,

Fe2O3, Si02 and 41, 03 and the value chosen was Ëhe

mean of the two oxldes which agreed most close1y.

The orlginal amount of non clay (o) in the parent material

before clay fornatlon began in Èhe horlzon is given by

O = l00F--...'.-t

and the amourit of clay origlnally present in the horizon (N)

is calculated as follows.

|rJ= c 100F
(100-c) f

¡^rhere c = 7" clay ln parent naterial

F*N = total clay present prfor to mlgraÈion

If LGC = loss or gain of clay by nigration (g per 100 g

soll) then LGC = weight of clay no\{ present 1n the

horizon - (f+U¡.

If RLGC = relative loss or gain of clay by migration (g per

100 g parent naterial) in the horizon.

the¡r

RLGC = LGC trls
Wp
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where

!{s = welght sotl (g)

I^Ip = weLght parent naterfal (g)

total oxides (g per 100 g parent material) l_n Èhe present

soll (fo) is gLven by

To=I,Is.100
}I

total loss due to soil formatfon (Sf) l_n g per lO0 g parent

material is given by

Sf:To-100

gain or loss due to clay formation (g per 100 g parent

naterial)

= Sf - RCLG

7.3 Results and discusslon

Parent material uniformlty

Three crl-terla, falring into two general caÈegories, r^7ere

applied.

1. Partlcle-slze distribution (psD) of reslstant mlnerals of the

non clay fractfons

(i) ratlo of concentrations of Tio2 in coarse silt and sand

fract lons.

2. Ratio of two resístant mlnerals in any one fraction.

(1) YZOg : ZrO2t ZrO2 : Tf02, p2O5 : TiO2 of

the 10-125 um fraction of densrty ) 2.96 gcm-3, where

Y203 ls assumed to represent the concentratlon of

xenotime, ZrO2 of. zircon, TiO2 of rutile * ilmenite,

PZOS of monazl-te.

(fí) ratfo of TtO, : ZrO2 in the coarse silt fractl-on.

7.3.1
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Results are presented in Tables 18, 19, 20 ar^d 2L for Goorornon

Ponds, Shinglehouse Creek, Nowra Creek and Hawkesbury Rlver

sequences respectively.
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Proflle depth
(cn)

ratl-os of oxl-des
ZrO2 PZO1 ZrO2 cs TiO2 s

TJ-02 cs TtO cs

(2) (3)

Yzo3

ZrO2 Ti0"(r)' Tt02

x 10-1
(1)

-1xI0
(t )

G1

G2

G3

G4

0
6

18
42
s6
7l

0
20
40
50

0
I2
24
32
4T
55
66
78
8B

to2
ll5
r40

0
6

13
2t
31
42
57
69
B1
96

0.43
o.42
0.43
o.44
0.44
o.42

o.44
0.4s
0.47
0. 49

.4s

.45
0.47

0.47
0.47
0.47
0. 48
0.48
0. 50
0.50
0.40
0.48
o.47

0.28
0. 38
0.36
0.43
0.35
0.35

0. 20
0.22
0.18
0. 19

0. r5
0. l9
0.23
0.25
0.31
o.26
0.27
0.22
o.22
o.24
0.29
0.24

0.23
0.23
o.24
0.22
0. 20
0.20
0.20
0. 20
0.20
0.23

0. 20
o.23
o.23
0.24
0.22
o.22

0. 15
0. 18
0.14
0. 15

0.14
0. 14
0. 15
0. 17
0.17
0.16
0. t8
0. 16
0.17
0. I7
0.20
o.22

0.18
0.-19
0. l9
o.L7
0.r7
0. 16
0.14
0.15
0. r6
0. I7

0.3r
0.29
0. 30
0.33
o.32
0.33

0.33
0.29
0. 30
0. 30

0.32

0.31
0.31
0.33
0.30
0.28
0. 28
o.29
0.3s
o.32
0.29

0.30
0. 30
0.28
0.31
0. 30
o.27
0.29
0. 33
o.24
o.29

0. s8
0.60
o.62
0. s0
0.51
0. 54

0.65
0.66
o.7 3
o.67

o.64
0.60
0.59
0.59
0. 61
0.66
o.7 2
0.7 3
0.68
0.59

.50

.47

.46

.47

.44

.47

.46

.45

.47

0
0
0
0
0
0
0
0
0
0
0

o.7 9

0.7 3
o.64
0.59
0.53
o.47
0. 40
0.4s
0.48
0.45
0.43
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G5 0
8

l8
30
42
52
65
73
85

100
r20

0.45
0.48
0.48
0.47
0.45
0.51
0.45
0.47
0.47
o.4g
0.47

0.25
o.24
o.23
o.25
0.24
0.23
0.25
0.24
0.23
0.22
0.21

0. l6
0. l6
0. r4
0. 15
0. I5
0. 17
0. r6
0. 15
0.14
0. l2
0.13

0.31
0.40
0.38
0.36
0.31
o.32
0.31
0. 37
0.39
0.40
0.35

0.63
0.63
0.62
o.62
0.61
0. 59
0. 59
0.48
0. s4
0. s5
0. s6

Table 18 Ratlos of oxides frorn various size and density fractions

of soils from Gooromon Ponds.

(1) ratios from the 10-125 m, ) 2.96 g cn-3 fraction

(2) ratio from coarse sllt (5-20 urn) fractlon

(3) ratlo from sand(s) and coarse silt (cs) fractions
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Proflle depth
(cn)

Yz03

Zr02

ratl-os of
ZtO2

oxl-des
Pzos

Tt02

(1) (1)

ZrO2 cs TIO2

Tl02 cs TiO2 cs

(2) (3)

T102

x 10-l
(1)

SI

S2

S3

0
10
20
30
50
70
90

30
42
52
60
70
90

o.47

I .45
0. 53
0.50

0.67
o.62

0. 54
0.48
0.63
0.86
0.50
0.53
0.52
0. s6
0.5r

0. 50
0.48
0.51
0. 50
0. 54
0. 54
0. 54

0.23
0. 35
0.35
0. 35

0.26
0.25

0.28
o.27
0.2r
0. 17
0.29
0.29
0.3 r
0.30
0.29

0.30
0.30
0.29
0.24
0.23
0.25
0.25

0.31
o.27
o.26
0.33

0.82
0.73

0. 49
0.50
0.39
o.27
o.7 3
0.22
0. r9
0.24
0.r5

0.21
o.2t
0. 18
0.16
0.20
0. r7
0. 15

0.47
0.44
0.48
0.47
0.43
0.39
0.38

0.31
0.37
0.35
0.40
0.38
0.40
0.38
0.41
0.42

.s4

.59

.60

.48

.44

.37

0. 56
0.50
0.52
0.50
0.4 r
0.43
0.43

0. 55
0.47
0.57
0.5s
o,62
0.62
0.61
0.58
o.62

0.57
0.55
0.54
0.56
0. s6
0.63
0.58
0. 5B

0
B

20

0

7

17
28
38
48
6B
88

0
0
0
0
0
0
0
0

43
44

Table 19 Ratios of oxides from various slze and denstty fractions

from Shinglehouse Creek.

ratios from the 10-125 tm, > 2.96 g crn -3 fraction

ratio from coarse s1lt (5-20 un) fraction.

ratio fron sand (s) and coarse silt (cs) fractl_on.

of

(1)

(2)

(3)

soils
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Proflle depth
(cn)

Yzo¡
ratlos

ZrO2

Zr02 TtO2

(1) (l)

of oxl-des
Pzo5 ZrO2 cs TtO2 s

TlO2 cs TiO2 cs

(2) (3)

Tto2

x I0-1
(1)

N1

N2

N3

N4

0

5
18
32
45
55

0
7

20
30
4r
50
60

0
10
25
35
50
70
90

0
5

T7

30
40
60
BO

L20

0
0
0
0
0

0.21
0.24
0.26
o.27
0.23
o.22
o.22

0.20
0. 21
0.22
0.2L
0.24
0.23
0.24
0.24

o.46
0.48
0.30
0. 41
0.30

0.3 r
0.27
0.24
0.24
0.31
0.32
0. 35

0.37
0. 34

0.30
0.28
0.26
0.25
0.24

0.7 2

o.7 4
0.92
0.81
0. 86

o.97
0.92
0. 82
0.84
0.92
0.78
0. B3

o.7 2

0.7 5
0.7 8
0. B0
o.67
0.61
o.7 2

0.54
0. sB
o.67
o.7 5
0. B6
0.85
0.7 s
0.78

0.40
0.53
0.40
0.41
0.33

0.41

0.40
0.45
0.41
0.39
0.43

0.42

0.35
0.47
0.49
0.47
0.26
0. 43

0.39

0.6r
0.63
0.61
0.59
0.52

0.56
0.60
0.59
0. sB
0.63

0.51

0.58
0.58
0.57
0.57
0. 51

0.44

.40

.44

.45

.4r
o.47

0. s4

25

23
26
24
24

o.25
0.24
0.23
0.24
0.22
0.23
0.23

0.28
0. 28
0.33
0.29
0.30
0.30
0.29

0.39
0.37
0.36
0..39
0.41

0
0
0
0
0

43

0.30

Table 20 Ratios of oxides from various sl-ze and denslty fractions

of

(l)

(2)

(3)

soils from Nowra Creek.

ratlos from the 10-125 r:m, > 2.96 g cn -3 fraction

ratio from coarse silt (5-20 un) fraction.

ratlo from sand (s) and coarse silt (cs) fraction.



I43.

Proflle depth Yzog
(cn)

raÈ l-os
Zr02

ZrO2 Tio2

(1) (r)

of oxldee
Pz05 ZrO2 cs TiO2

Tio2 cs Tio2 cs

(2) (3)

TiO2

x 1O-l
(1)

H1

H2

H3

H4

H5

I5
40
58
90

o.29 0.25 0.63 0.03
0.03

0.50
o.52

0
t5
30
67
B8

110
150

0
18
32
48
90

r20
150

0
1l
23
70

r30

0
25
35
80

r30

o.23
o.24
0.29
0.25
0.21
0.27
0.23

0. 20

o.24
0.37

0.20
0.19

0.02

0.03
0.03
0.03
0.03

0.03
0.03

0.04
0 .04
0.04
0.04
0.04

0.03

.03

.03

.03

0.04
0.05
0.03
0.02
0.02

0.47

0.42
0.53
0.54
0.44

0.3s
0.29

0.41

0.44
0. 43
0.40
0.39
0.41

0.24
0.20
0.23
0.36
0. 31

O.IB
0. 19
0. 19
0. l9

0.r8
0. 15
0. 15
0.20

0.34
0.33
0. 34
0.35
0. 39

0.23
0.25

0.64
0.7 3

0.24
0.29
o.23
o.24
0.29
0.24
0.26

0.63
0.59
0.32
0.28
0. 17
0.28
0.34

0.34
0.33
0.32
0.3s

0.30 0.22

0. 23
0.25

0. 39
0.32

0.23
o.25

.48

.47

.40
0.31

0. r8
0.r6

0
0
0
0
0

03
04

0. l5
0. l6
0.14
0. 16
0. l6

0
0
0
0

4B

0.23
0.24

0. 14
0. r4
0.I7
0 .21
0.38

Table 21 Ratlos of oxides from various size and denslty fractlons

of solls froro Hawkesbury River.

(1) ratlos from Èhe IO-125 un, > 2.96 g cn -3 fraction
(Z) ratlo from coarse silt (5-20 um) fractl-on.

(3) ratio frorn sand (s) and coarse silt (cs) fractlon,
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Results for Gooromon ponds lndlcate that. the parent materLal

for each soll was inlttally homogeneous. All rattos show a very

htgh degree of stullarlty wtth depth. There l-s no evfdence that the

textural differentiatlon in the older profiles G4 and G5 is the

resulÈ of sedinentary layering.

Furthermore, the parent rnaterial for all ftve profiles can be

considered identfcal slnce the ratios are the same throughouÈ.

Drees and !üildlng (1978) stated that percenÈage deviations of over

227" wete required Èo detect ltthologic d.iscounrlnul-ties while

chaproan and Horn (1963) consl-dered differences of IO0% or more were

required. If the ratlos for al1 soils are consldered Èo be normally

distributed and part of the same population, relative stand.ard

deviatlons (rsd) are ( 24Y" for all ratfos and ( 57" for the yttrÍun
oxide : zirconium oxide ratio (raute zz). Thl-s result has important

inpllcatlons if these soils are to be considered. part of a

chronosequence. rÈ means that the lndependent solr formíng factor,
parent rnaterial, can be considered constanË.

Sinllar conclusions can be drawn frou the data for Shinglehouse

creek (raure r9). only the surface layer of sl can be considered to

be different. The p2O5 : TiO2 ratlo shows a good deal of

varlatlon in profiles sl and 52 (rsd ) 50%). rn view of the

relaÈive constancy of other ratlos, the results are probably due to

sampling and analytical error: there ís ( 0.052 phosphorus in many

heavy mineral samples compared to ) 3or" for titanr_um, ) 5% for
zirconium and ) 2% Lor yttrium. Apart fron the Zro, : Tfo,

ratio all ratios show a decrease ln rsd with age. The somewhat

hlgher Zro2 : Tio2 ratios in the srlt fractlon nay be 
".,r""u o,

some weathering and mobilisaÈion of tltanir¡m in the A horizon.

Because the elemental ratlos derived from the heavy mineral fraction
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are constant, the htghet ZrO2 : Tt02 ratl-os may be caused by a

breakdown of weatherable mlnerals of sil-t sl_ze in the ltght

fractlon (1 2.96 g cn-3). These ml-nerals may contal-n tltanlurn

either as Part of lts mineralogical structure or as micro lnclusl-ons

of rutlle and anatase whl-ch are released on breakdown.

The ratios for the Nowra sequence show only minor variations,

slmllar to those for Gooromon ponds (raute zo). Rsd's both wlthfn

and between profiles, for all ratios, are ( 20% wj-l-h the exception

of only t}:.e ZrO2 : Ti02 ratio of NI. Profiles can be consídered

as having been formed from a mineralogically simllar parent

naterial.

Variations l-n the Hawkesbury sequence are somewhat greater than

those of the other three sequences but, with the exceptlon of the

PZO5 : Tt02 ratio for H2 and H4, rsdts are < 257". The

varlatlons in the P205 : TiO2 ratio are probably due to

sanpling and analyÈical error (because of the extremely low

phosphorus values) in H2 and a cornbinatlon of analytical error and

weathering in H4. Between profile rsdts (wtttr the exception of

PZ05 : TiO2), lndicate that llthological variations ln the

parent rnaÈerlal were not great and the five solls can be considered

part of a chronosequence.

In general there is less variability in the y2O3 : ZrO2

ratios derived from the > 2.96 g cn-3 fraction than other ïatios.

This ís an indicatlon that the minerals xenotíme and zl-rcon are more

reslsÈant and immobfle, and therefore more reliable indicators of

parent rnaterial variations than rutile or monazlte. TËe problem of

monazlte may also be due to dtfficulties in analysis as explained

earller. Sone breakdown and release of tftanium may account for the
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sltghtly hlgher rsdrs 1n the ZrO2 : TlO2 ratl-os of the sLlÈ

fractl-on and TtO2 sand : TlO2 sl-lt ratlos.

Studles by Khangatot et aL (1971) and Drees and l^Iflding

(1978) of the distrlbutlon of elements ln the ltght (( 2.89 g

"*-3) and heavy ml-neral fractions, as dl-scussed in Chapter 1, have

thrown doubÈ on the valtdíty of asslgning elemental percentages to

speciflc nfnefals as has been done in this sectlon. Not all the

heavy mlneral nay be 1n the denser fraction (in this case the

fractl-on > 2.96 g cn-3). Both light and heavy fractl-ons were

assayed for zlrconium, tltanium, yttrium and phosphorus, to check lf

there had been a t cleant separatl-on. Result.s presented in Figures

89 (Gooromon Ponds), 90 (Shinglehouse Creek), 91 (Nowra Creek) and

92 (Hawkesbury River) show that Èhere ls little, if any heavy

mlneral present 1n the ltghÈ fraction. What liÈtle there is roay be

part of the crystal strucÈure of other minerals but in no way

effecËs the conclusions.

In the following sectl-ons of this chapter tt will be assumed

that all profiles were form in an initially uniform parent

rnaterial.
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Figure 90 Proportion of el-ements in light and heavy mineral
fractions of the Shinglehouse Creek sequence
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proflle Yzo3 ZrO2 PZO1 ZrO2 Tt02c6

c6
rr

S

ZrO2
m

(x l0-

T102
r
I m

TtO2
mr
(x to-l¡

TiO2 Tl02 cs
m rm

)

Gooromon Ponds

G1

G2
G3

G4

G5

0. 43
0.46
0.46
o.47
o.47

0.31
0.31
0.3r
o.29
0.3s

B.B
5.3

24.4
8.5
8.1

.9

.0

.7

.I

.2

0
0
0
0
0

2.3
4.4
4.3
6,4
4.3

0. 36 13
0.20 10
0.24 16
0.22 9
0.24 4

.22

.16

.L7

.L7

4.6
L2.s
r 1.8
II.B
6.7

5.2
5.6
7.L
8.4

10.5

0. 56
0.68
0.54
0.64
0.58r5

All prof iles 0.46 4.4 0.25 24.0 O.ti 17.7 0.32 I0.9 0.59 15.0

Shlnglehouse Creek

S1

S2

S3

0. s6
0.57
0.52

15.
20

4

0 0.31 16.8 0.48 5
5 0.27 17.3 0.35 5
7 0.27 rl.t 0.18 1

.44 9.1 0.48

.38 8.9 0. sB

.49 16.8 0.57

6.4
4.3
3.5

0
0
0

I1.6
8.5
4.8

All profiles 0.55 15.9 0.28 16.3 0.33 62.7 0.43 16.4 0.55 tl.3

Nowra Creek

N1

N2
N3
N4

4.8
4.2
9.3
7.3

0.24
0.23
0.24
0.22

0. 39
0.30
0.29
0.29

12.3
5.3

11.1
9.8

0.4r
0.39
0.42
0.41

6 0.59
2 0.58
I 0.54
0 0.45

7.2
7.0

10.4
10.4

22.0 0.31
5 .7 0.26

14.6 0.21
15.5 0.21

17.
5.
5.

20.

All profiles o .23 7 .2 0. 3t t9 .4 o.z4 19 .z 0.41 rz.2 0.53 13.9

Ilawkesbury River

H1

H2
H3
H4
H5

0.30
0.25
0. r9
o.2l
0. 15

0.24
0.25
0.33
0.29
0 .43

0.67
0.47
0.r8
o.2r
0.2r

.2 0.24

.7 0.25

.1 0.33

.4 0.29

.8 0.43

0.50
0.43
0. 36
0. 41
o.27

21.9
10. B

3.7
12.0
6.0

4.8
9.2
5.8

5.0
22.9
9.0
5.1

24.2

4
9

5

22
I7

8

59
t7
16
47

.8
a

.B

.l

.2
22.L
17 .2

A1l profiles 0.22 23.8 0.31 25.6 0.30 62.0 0.31 25.6 0.39 23.3

Table 22 Means and relative standard devlations of the oxide ratios

of varlous fractions from the soils of terrace sequences.

m = mean ; rsd = relatl_ve standard deviation (%).
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!'Ieatherl-ng

changes ln the ratlos ln the coarse silt fractlon (5-20 urn) of

iron, calcl-um and sodium to zirconium were used as l-ndexes of the

degree of ,cheml-cal weatherfng. Depth functlons of the three ratios

for each sol-l are presented ln the form of plots.

rn the Gooromon Ponds sequence (Figure 93) there is little.

dlfference between the depth functlons of the Gl, G2, G3 and G4

profiles fn splte of the development of a texture contrast profile

tn G4 (87" eray in the A horlzon,2zT" in the B). rn G5 the rarl-os

are less throughout the profile in comparison to the younger soils.

The decrease is most marked in the A horrzon indicatíng thaÈ

weathering and mobllísation of iron, sodium and calclum are more

intense in this part of the proflle. The development of a bleached

Ã2 horizon has accompanied thls weathering.

Ratlos for the shinglehouse creek (Figure 94) and Nowra creek

(Ffgure 95) sequences show slmilar trends with age of proflle as

Gooromon Ponds, although the dlfference in ratios between s3 and N4

and the younger member of Èheir respective sequences are not as

marked even though 53 and N4 have a stronger textural

differentiation than G5 (for s3 "/" cLay in A is 9, B 37"A, N4 % clay

1n A is 8, B 43%). lleathering in sltu appears to have been less

intense. The increase in iron at the base of sl rnay be due to

lateral movement of iron and depositton around silt and sand grains.

rron concretions of sllt and sand size were observed in this

section.

rn the Hawkesbury sequence there is a dÍfference ín the depth

functions between ratl-os with tfune (rigure 96.r, 96.2, 96.3).

The Na2o zzro2 ratlo is relatively constant with depth in all

profiles except H5 where there ls a sharp drop in the Ar and A2
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lrorlzons. The same holds for the Fe2o3 z zro2 ratl-os except

for a very high value l-n the 83 hortzon of H4. This is due to the

formatl-on of sesquloxide coneretions l-n s1Èu, an explanaÈion which

accounts for sinl-larly hlgh values in the B horl-zon of Ir5. Ítrithln

proflles the ratl-os show more varlability than the oÈher sequences.

Analytical error n¿ry account for this. ztoz coûcentratl_ons are

one tenth the values in other sequences (mean zro2 ls o.o4i¿

compared to 0.47" for Nowra creek) . cao2 z zro2 ratios could. not

be calculated because the calcltm concenÈrat.ions were so low.

If weathering in sftu is to account for the clay enrichment in

the B horlzon then there should be a decrease l-n ratios l_n the B

horizon compared to the A and c horl-zon. This would indicate the

loss of weatherable minerals in ÈhaÈ horizon and the formation of

clay from the weathering products.

Furthermore, this decrease should be more pronounced the older

the proflle. The results show no such trend. rn the older profiles

(G4, s3' N4) there ls a decrease in the A horizon showing more

l-ntense weathering. rf this process has produced some of the clay

of the B horlzon, then a comblnation of the processes of weatherlng

and ílluvlatl-on 1s necessary to account for the clay enrichment. On

the basis of these criteria this mechanism can only be of relatively

minor slgnificance since strong texture contrâst has already

developed in younger profiles (e.g. G3, N3) prior to any obvious

change in the ratlos. The weatherlng lndtces provide no evidence

that weathering 1n sltu makes a signiflcant contributlon to Ehe

developmenË of texture contrast.

7.3.3 Loss and gain of constltuents

All calculatlons of changes in volume and weight of the present
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sofl compared to Èhe parent materlal were made for a column of soil

havlng dlmensl-ons equal to an area of I cn2 and length equar to

the thickness of the particular horlzon. À11 calculatr-ons were

based on bulk denslty measurements aÈ 1/3 atrnospheric suctron.

Values of losses and gal-ns are crit.l-ca1ly dependent on the

choice of the stable constituent. of the fl-ve considered, the acid

resistant fractlon was chosen because l-È constituted a relatively

large proportion of the whole soll. There was good agreement

between replicates of each horizon. sltght errors in analysis can

have a pronounced affecÈ on the losses and gai-ns when calculated on

the basl-s of constituents occurring in very small quantity. The

concentrations of zirconium and yttrium in the heavy míneral

fraction of the 10-125 r:m fractl-on, expressed as a proportl-on of the

whole sol1, was ( 0.03"Á whereas the acid resistant fraction was in

tlre range 50-707". Titanl-um ln the sand fraction a¡ðf or the heawy

ml-neral fraction was ruled out because of the likellhood of

weatheríng in some of the older profiles.

Changes in welght, volume, elay content and elemenÈal

constltuents \^rere calculated for G3, G4 and G5 profiles of the

Gooromon Ponds sequence (raute z¡). The l-ncrease in volume and

welght in the 0-55 cm layer of G3 was offseE by a decrease in the

55-140 cm layer such that there uras a statistically inslgnificanÈ

loss ln weight and an overall increase ln volume of. 97". ResulÈs for

G4 are souewhat surprl-sLng in view of the fact that it ls a

moderately duplex proflle. There is a loss ln weight in all

horizons except the top of the 82 horrzon and a small decrease l_n

volume throughout. rt was expected that the lower B horizon would

also show an lncrease in welght in order to account for the lncrease

ln clay. There appears to have been a loss of constituents from the
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whole profll-e, partLcularly the A horlzon. In G5 the A horizons

show a loss Ln weight and the B horl-zons an lncrease. The net

effect ls a negltgtble welght change lndfcatlng that soll

development prl-marlly lnvolves a redisÈributLon of components

inherl-ted from the parent materl-al. The l-ncrease ln welght of Èhe B

horizon has also been accompanfed by a narked volume increase.

Shlnglehouse Creek (table 24), Nowra Creek (Table 25) and

Hawkesbury (fatte Z6) sequences have simllar trends with age of

developrnent, as Gooromon Ponds vtz an tntÈlal l-ncrease ln volume for

the highly organl-c Èexturally unlforn and weakly gradatlonal

profiles (S2, N2, II2). The strongly duplex proflles (S3, N4, H4,

H5) have narked decreases in volume and welght accompanying the loss

of clay and A horlzon formation and vice versa for the B horizon but

net profile weight and volume changes are not great (< 102).

Changes l-n clay, l-ron and sillca parallel those for welght and

show that formatlon of the texture profíle involves a net loss of

elernental constítuenÈs from the A horlzon and a net lncrease in the

B. T\vo mechanisms nay account for this viz.

1. Loss of weatherlng producEs from the A by lateral movernenÈ and

retenÈion in the B ; the clay formatlon hypothesis, or

2. MovemenÈ of clay from surface to subsurface : the eluviation -

illuvatlon hypothesls.
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profl-le horizon volume
cha¡ge
(cnr/¡/s¡z¡ *

relatlve
volume
change

(%)

welght
change ^(z/n/"n¿¡

relatlve
wel-ght
change

(Á)

G3 All
LL2
B2T

IICl
IfC2
IIC3

summation 12.I

2.O
2.6
1.0

- o.2
- o.2
- I.B

4.L
4.0
3.1
0.4
0.1

- 1. t

5t.4
49.4
53.0
4.0
1.5
8.0

9.4 - 2.2

16.z
20.3
10.7

- L.2
- 1.1
- 8.0

1.1

G4 All
A12
L2I
A22
B1

B2

- 1.
-0.
- 1.
-.,

0

3
1

I
1

0

-r4.2
- 3.9
-r2.4
-t7.2
- 0.7
- 7.3

- B.B

- 1.9
- 0.9
- r.6
- 2.5

1.0
- 0.4

-10.7

-L7 .5
- 7.5
-11.3
-r 3.0

4.3
- 2.O

- 0.
- 1.

sumrnation - 9.3 - 6.4

G5 À1
þ0.

B2l
B22
831

- 1.9
- 2.4

0.3
r.7
0.8

0.8
- 0.1

1.7
2.1
2.0

tr.2
- 0.7

16 .3
25.7
18.2

-r3.7
-t3.2

1.7
r2.0
4.0

sr¡mmatlon 15.1 14.4 2.9 1.5

Table 23 Losses and galns 1n volume and weight for selected horizons of

three sol-ls of the Gooromon Ponds sequence. *h - horlzon.
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proflle horizon volume
chanse
(cn37rr/cr2) *

relatl-ve
volume
change

(%)

welght
change 

^(eln/ cn¿

relatlve
welght
change
(z)

)

s2 AIl
ÃL2
A13
A3
B1

o.7
1.5
0.9

- 0.1
- o.2

9.7
13.9
9.8

- 0.6
- 2.4

5.7

- 0.9
- 0.5
- 0.7
- r.4
- 0.3

- 3.8

- 9.1
- 3.2
- 5.1
- 8.4
- 2.4

- 5.5summatlon 2.8

s3 o.2
- 1.6

1.4
2.2
0.1

surnnatLon 3.7

2.6
-13. B

15.9

A1

A2
B,22
B3
83C

27.6
0.5

4.4

- 2.3
- 3.4

2.2
3.5
1.6

4.6

-20.2
-17 .5

L5.2
26.8
4.9

3.3

Iab].e 24 Losses and galns ln volume and wel-ght for selected horLzons of

two sofls of the Shlnglehouse Creeki sequence. *h = horizon.
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proflle horlzon volume relative
volume
change

("/")

weight
cha
G/

nqe
n7.'2)

relaÈl-ve
wel-ght
change

(%)

chanse
(ct37n/ct2) *

- 4.4
- 0.5

3.6
10.3

- 0.4
- 0.1

0.5
1.5

5.5
3.0
4.3
1.8

0.4
0.4
0.4
r.2

Atl
AÍ2
B (20)
89 41)

N2

2.7 o.2 - 0.2summatl-on I.6

N3 A1

B1

B2l
B22
B3
c(70)

summation 8.0

7.0
9.1

10.5
10.2

2.8
2.3
1.1
1.4
0.5

- 0.1

38.2
19.2
11.9
10.2
2.4
0.4

9.9

0.8
L.7
1.5
2.3
0.8

- 0.1

7.0

2.4
- 0.4

5.3

N4 - r.2
- 3.7
-.)1
- 0.4
- 0.6

1.4

sunnatl-on - 5.3

- t.7
- 4.5
- 3.3
- 1.6
- 3.3

0.6

AI
þJ.

B1

82
B3
cl

-19.2
-23.4
-13.8
- 3.5
- 2.7

7.3

- 5.0 -13.1

-r7 .l
-18. I
-13.8
- 9.6
-10.1

1.9

- 7.8

Table 25 Losses and galns ln volume and weight for selected horizons of

three solls of the Nowra Creek sequence. *h = horizon.
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proftle horl-zon volurne
chanse
("t37rt/.t2¡ *

relatfve
volume
change

(%)

welght
change 

^(z/h/ cn¿¡

relative
wel-ght
change

(/")

H2 IIA
IIBl
IIB2 I
IIB3 1

2.8
4.5
4.7
2.9

22.
26.
29.
10.

20.3 28.9

13.1
15.5
lB .3
8.2

13. 4

7
0
I
6

2.9
4.8
5.3
4.0

summat.l-on 24.2

H3 AI
A3
BI
B.2l
B23

- 2.4
- 1.5
- 1.6
- 1.6

0.5

-I1 .9
- 9.6
- 9.0
- 6.9

2.4

6.8

- 4.2
- 2.6
- 2.9
- 2.O

0

-11.7

-11.9
- 9.6
- 9.5
- 4.8

0

- 7.0summatl-on - 6.6

H4 A1

32l
B.22
823
B3

- 2.0
2.r
2.8
t.7
1.0

- 4.1
3.1
4.8
3.3
1.9

-15.7
2t.5
16.2
6.7
3.3

4.7 10.6

-19.3
19. 3
16.9
8.0
3.9

5.2surnmation 5. I

H5* AI
A2T
82T
822
BC

- 2.6
- 4.7

10.4
7.3
4.9

20.8
-32.O

7 r.4
57.3
9B .5

- 5.3
- 6.3

16. I
13.7
23.2

-25.6
-26.2

67 .2
65.9
93. 6

Table 26 Losses and gains ln volume and weight for selected horlzons of

four sol1s of the Hawkesbury River sêQgêficêe *Changes ln H5 were

calculated from the parent maEerlal of H4 because parent materl-al

of H5 was not sarnpled. *h = horl-zon.
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CLay migration anÅ. elay fonmatíon lletght changes due ro clay

mlgratlon and clay formaÈlon were calculated for the older members

of each sequence. In the case of N4, partlcle-size and micro-

norphologlcal evldence indicated that there hras lnput of flne clay

lnto the upper C horizon. The value for the clay percentage which

was chosen for calculatlon was the value for the parenÈ rnaterial of

N2. This was deemed justifiable on the grounds that resistant

mlneral studies had shown that the profiles had formed from sÍmilar

parent materials (7.3.I). Losses and gains could not be calculated

for H5 because the lower B and C horízons were not sanpled.

Results of all sequences show that the najor cause of the loss

of welght ín the A and the gain in the B is due to clay urigratlon.

However, the contributíon of clay from chemical weathering of

minerals increases with age, initially in the A horlzon (cf G4, G5)

and then throughout the whole profile. In the case of N4,

approximately 30% of the gain of clay in the 82 is the result of

clay formation.

Losses and gains of elements iron, sílicon, and potassium

follow the trends observed wíth changes in weight (faUte ZZ).

Changes are predominantly the outcome of rnigration. Slnce

weathering ls not a significant factor untll the profiles have

become mature, much of the elemental redistributton ûust have been

as clay movement i.e. lesslvage (node 1964). In a number of the

older profiles (G5, N4, H3, H4) clay formarfon has led to a loss of

potas s ium.

Following depositlon, the elay Doves downward. Some i-s also

lost from the profile entirely probably by lateral movement (see tr{

of 52 in Table 24). However, the quantittes translocated are
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relatlvely mLnor probably because of the homogenisatl-on by sotl

fauna. There ls a narked lncrease ln the amount of llluvl-ation and

the proflle ls on a terrace whlch ls only l-nfrequently flooded, or

not at all. As the Èextural contrast between A and B horizons

becomes more marked, the lnternal hydrology of the proflle is

altered ln such a \.ray that water percolates more freely through the

A horlzon than the B. This means that the top of the B and bottom

of the A are subject to r"rater logging for progresslvely longer

periods of time durlng the winter and spring. The reducing

condítions which are a consequence of thls cause a pH drop and lead

to an increase 1n weathering. IIence the reason why the contrlbution

to the proflle texture by the process of clay formation is rnanlfest

intttally in the A2 horizon. The texture contrast becomes more

pronounced as a result of the combined effects of migration and

weathering leading to a further lncrease in the length of the period

of saturatlon, more prolonged reducing condltions and thus further

mineral breakdov¡n. Thís is a feedback process (Torrent and

Nettleton 1978) produced entirely by lntrinsic morphological changes.

Proflle horlzon Fe203 sio2 Kzo
I'f F M F M F

Gooromon Ponds

G4

G5

All
A2t
A32
B1

82

-1.1
-1.1
-t .0
Q.s
0.7

-0.4
-0 .3
-0.4
-0.6
-0.9

-5.8
-6 .0
-5.4
2.4
3.5

4

4
3
1

2

.7

.5

.6
t

.8

7

5

6
2
B

-0
-0
-0

0
0

0

-0
I
1

0

-6.6
-4.7
r4 .6
10. 9

7.8

0.1
-0. r
t.2
t.2
0.9

I
I

7

I
6

5

6

6.9
13.1
3.4
1.8
2.8

0.2
0.2
0.2-0

-2.
')

0.2
-0. I

-0.2
-0.2
-r.4
-t.2
-0.9

A1

^2B2T
B22
831

-0
-0.

1.
1.
0.

Table 27 - Cottinued over page
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Profile horÍzon Fe2O3 s102 Kzo
M F M F M F

Shlnglehouse Creek

s1

S2

Ar2
A13
BI

-0. I
-0. I
-0. I

-r.7
-2.8

2.3

-0. t
-0.1
-0. I

0
0
.2

-0-0

0.7
0.5
0.9

4
3

4
4

-0.
0.
0.
0.

-0.
0
0.
0.

-0. 9

-0.9
-0. 9

-8.8
-6.7
0.3
8.4
9.8

4

4
3
1

4
5

AI
þ2
B2L
822
B3

0.6
0.4
0.4

-0.3
-0. I

-2.4
-t.B
0.I
2.3
2.7

-0.7
-I.I
-t.2
-0. 3

1.0

-0.2
0
0.3

N3 A1
B1

822

Nor¿ra Creek

-0.2
0.2

-0.2

-1.1
0.2
1.3

-2.0
-0.4
-2.2

13. B

3r.9
3B .5
35.4
37 .4

0
0
0

0
0
01

1

I

1

I
3
I
I

N4 AI
A2
BI
B2
B3

-0 4
I
4
9

3

r.4
2.9
9.8
2.7
2.9

-')<
0.7

2r.5
37 .3
33. B

-0.I
0
0.6
1.0
0.9

-0.
-0.
-0.
-0.
-0.

0.
-1

5.
5.

H3

H4

AI
A3
B1

82t

AI
B2I
B22
B3

-r.7
4.4
s.4
0.9

Hawkesbury River

0.3 -9.
-4.3 24.
-4.6 30.
-0.9 4.

5

7

7

8

-9. I
19. r
26.3
3.8

36. r
45.6
36.9
4.6

-0. 5
1.3
1.6
0.3

-0.2
-0.7
-0. 6

-o.2

-0. 6

t.2
1.6
0.2

0.4
-0.6
-0.8
-0 .2

-1 .8
3.9
5.3
0.8

4.0
3.1
1.6
0.5

r 6.0
13.0
1I .0
-3.5

Table 27 Losses and galns of oxides due to clay formation (F) an¿ clay rnigration

(M) as a result of soil formatlon (e/tOOg parent rnaterlal).
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The process described here is similar to a phenomenon described

by Brinkman (L969/7O) occurring in seasonally wet soils in East

Pakistan. He uses the term ferrolysis to describe a process which has

two phases. In the anaerobic phase free iron is reduced and d.isplaces

exchangeable cations which are leached. During the aerobic phase

ferrous iron is oxidised to produce ferric hydroxide mottles by the

hydrogen ions and more ferrous ion is reLeased. The process is distinct

from podsolization which is not dependent on seasonal reduction and

illuviation (more specifically lessivage) which does not involve any

clay destruction.

7.4 Conclusions

From three separate lines of evidence; heavy mineral ratios,

weathering indices and calculations of losses and gains of weight'

volume and. constituents, it is concluded that the major cause of

the development of texture contrast is clay illuviation- CIay

formation from chemical breakdown makes a significant contribution

only in the very mature profiles of each sequence. There is no

evidence that textural variations in the parent sed.iment have caused

the observed textural contrast.
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