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SUMMARY
To assess the possib le ef fects  on the st rearn and

groundwater salinity resulting fron the replacement of
native forest with exotic pines in the Donnybrook
Sunkland,  so i l  cores f ron 19 bores in  a sma11
subcatchnent  were analysed for  e lect r ica l  conduct lv i ty ,
to ta l  so luble sa l ts ,  ch loaides,  pH,  bulk  densl ty  and
moisture content. The bores were converted to
piezoneters to provide data on seasonal fluctuations in
grcoundwater level and salinity.

Soll profiles in the area sampled were extrenely
variable. Due to the geological and topographic
unifornity of the Sunkland this is likely to be the
normal  s i tuat ion.



INTRODUCTION
The Donnybrook Sunkland pine plantation

pr:oject (Forests Departnent of Western
Australia, 1975) proposed the conversion
of approximately 60 000 ha of native jaarah
(Eucalyptus marginata Sn.) forest to
intensively nanaged stands of Pi'nus
radiata D. Don. lhe Sunkland contains
significant sutface water resources, sone
of which are likely to be used rnore
intensively in the future, as well as
very large sub-artesian water resources
(Co11et ,  1973) ,  and the envi ronnenta l
inpact  of  the p lantat ion pro ject  wi l l
probably be most evident in relation to
the arears hydro logy.  Since 1974 the
Forests Departrnent has becone increasingly
involved in hydrological research
associated wi th the pro ject .  Whi ls t
broad-scale strearn salinity surveys
(McKinnel1,  1976)  ind icated the l ike ly

effect of a change in land use on water
quality, further information was required
concerning subsurface soil properties
and grormdwater salt content.

Initial pine plantings in the
Sunkland have been confined to a
representative range of sites in the
Apostles Brook Catchment near: Jarrahwood
(Fig.  1) .  The hydro logy of  th is  catchnent
can be cornpared with that of the adjacent
St. Paul Brook Catchment, which currently
supports native forest and is of
conparable size and position in the
landscape.

To assist interpretation of the nmoff
and salinity data collected from
subcatchnent gauging weirs on the Apostles
Brook and to provide infornation on
physica l  and chenical  proper t ies of  the
lubsoi i  that  might  af fect 'warer  qual i ty ,  !

FIGURE l: Apostles Brook Catchment, shoring catchent and subcatchment bormdaries
and study area (Subcatchnent 3).

Inset: location of catchment



a series of bores was srmk in Subcatchment
3 (F ig.  2) ,  which covers an atea of  2O7 ha
on the upper Apostles Brook.

This paper reports the results of the
subsurface sanpling prograrune carried out
dur ing 1975 and 1976,  and presents
pre l iminary data co l lected dur ing the
monitoring of groundwater level and
sal in i ty .

METHOD
Nineteen sites in Subcatchment 3 were

cored to depths vary ing f ron 6.08 to
19,76 n.  the 1975 ser ies of  bores (Ql  to

Q9) forrned a ridge-to-ridge transect of a
typical valley, covering as nany
different soil t)?es as possible. Owing

llo the absence of bedrock, the depth of
ltl i l l ing was largely governed by position

in the landscape and estinated depth to
the water table, but a norninal depth of
8.36 n was speci f ied.  Pre l in inary

analysis of the data indicated that
deeper, rnore intensive sanpling between
the sites was required. Consequently,
ten fur ther  bores (QlO to Q19)
were drilled in 1976 to a nominal deoth
of  19 .  76 rn.

The drill ing technique was sinilar to
that  descr ibed by Bat in i  e t  a l  .  (1976) .
From each bore a soil core was renoved in
lengths of 76 cm to the noninal depth if
possible; however, because a cutting shoe
was used in conpacted strata, some of the
cores recovered were not conplete.

Soil sanrples were taken frorn the soil
surface and at 76 crn intervals fron the
dr i l l  press shoe.  One por t ion of  each
sarnple was placed in an aiT-tight tin so
that moisture content and bulk density
could be determined. The other portion
was analysed for electrical conductivity
(EC),  to ta l  so luble sa l ts  (TSS),  sodiun
chloride (NaCl) content and pH, using the
techniques descr ibed by Hatch (1976) .
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FIGURE 2: Bore and piezometer locations and contours in Subcatchment



A piezometer  was insta l led in  each
bore hole,  as descr ibed by Bat in i  e t  a1 ,
( 1 9 7 6 ) ,  a n d  s a m p l e s  w e r e  t a k e n  a t  

-

nonth ly  in tervals  to  moni toT water  level
and sal ln i ty  var ia t ions.  Only the data
for  the n ine 1975 bores are presented
here.  Tota l  sa l t  s torage for  each
locat ion was est i rnated us ing the
Trapezoidal  Rule.

RESULTS AND DISCUSSION
Soil profi les

' l h e  s o i l  p r o f i l e s  a t  t h e  d i f f e r e n t
b o r e  s i t e s  v a i i e d  g r e a t l y  ( F i g .  5 ) .
However,  the genera l  pat tern was as
f o l l o w s :
( l )  A t  t h e  s u r f a c e  t h e r e  w a s  u s u a l l y  a
layer  of  sand 1 to 2n in  depth over ly ing
a concret ionary layer  of  la ter i t ic
boulders or  gravel .  On nost  r idge- top

c l - r  (  ppm)

Q 2

c l - r ( p p m )

sites the sand layer was absent or very
s h a l l o w .

(2) The concretionary layer was underlain
by red and yel low mot t led sandy c1ays,  the
sand conponent often being very coarse.

(3)  The not t led c lays phased in to pale
grey and whi te c lay-zones a l . temat ing wi th
layers of  sandy c lay loan or  poor ly  sor ted
coarse sands,  In  coaTse- textuted layers
there was usual ly  a pro l i ferat ion of  f ine
plant  roots (presunably jar rah) .

( 4 )  B e l o w  1 0  r n  d e p t h  t h e  p r o F i  l e s
consis ted main ly  of  grey to dark grey
and sandy c lays or  poor ly  sor ted sands
conta in ing nuch carbonaceous mater ia l ,
pyr i te ,  n ica and some th in bands of
l ign i te .  No l ive p lant  roots were
encountered below a depth of  10 m.
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FIGURE 3:  Texture and chlor ide o f  s o i l  p r o f i l e s ,  b o r e s  Q l  t o  Q 1 9
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A11 prof i les were acidic,  the pH
decreasing from 5.5 to 6.0 at  the surface
to as low as 2.5 at  12.16 n depth
(bore Q12).  A deep zone of pal l id
kaol in i t ic c lay down to bedrock, a
feature of bore profiles on the
Darl ing Plateau (Bat ini  et  a1.,  1976),
was absent in the Jarrahwood bores; this
is to be expected since these soiLs
cone from sedinentary parent nateriaL.

ft was not possible to correl"ate the
soil horizons of the different bores to
establ ish a local  pattern of  soi l  strata.
It appears that the strata are
discontinuous and vary in thickness
over quite short distances, fonning an
array of clay lenses within a sandy
natrix. This is attributable to the
alluvial or deltaic nanner in which uost

-of  the rmner sedi  rnents in the Sukland
Ire believed to have been deposited

I rToDer r ,  r vo /J .

This variation in the soil profiles
irnplies that the surface catchnent area
for a particular stream might not
necessarily correspond with the
subsurface catchment area, :md that thete
nay be subsurface flows out of the
catchnent and aLso undemeath the walls of
strean gauging weirs.

Nearly all the bores, except those on
r idge-top si  tes,  showed posi t ive
hydrostatic pressure; the lvater level in
the piezoneter rose above the confining
cenent p1ug, indicating that sone
aquifers are saturated and confined and

.Ihat the sandy zones in the soi l  prof i les
,-
lend to be lateral ly cont inuous. The

great var iat ion between the soi l  prof i les
of different bores suggests that a
range of aquifer tlpes exists in the area,
including confined, seni-confined and
unconfined, depending on the situation of
the clay lenses. The configuration and
extent of the clay lenses near the
surface could play a najor role in
deterrnining the characteristics of a
particular subcatchnent.

Soil chemical properties
An rmusual feature of the Jarrahwood

bores was the high concentration of
soluble sulphates, part icula" ly below
10 n (Table 1). The maxitnurn concontration
recorded was 25 000 ppn in borce Ql6 at
19.76 n depth. Large quant i t ies of
sulDhates rarelv occur in Western

Austral ian soi ls (A.8.  Hatch, personal
connunication), although there are nany
reports fron other comtries of
significant sulphate levels in surface
waters. Sulphates are non-toxic to plant
growth Ernd are not considered to affect
water quality adversely,

Chloride contents of the soil were
reLatively 1ow (Table 1, Fig. 3) conpared
with those reported by other researchers
in Westem AustraLia (Table 2). However,
isolated pockets of  high sal in i ty did
occur, Chloride levels greater than
800 ppn, usually associated with
saturated clay or sandy clay horizons,
were recorded in rnid-slope bores Q3, Q8
and Q19 at depths between 6 and 8ln,
reaching an overall maxinun of 1300 ppn in
bore Q19 at 6.08 n depth (Fig.  5).

The data presented in Table 2 nust be
interpreted with caution. The nett
storage data quoted by other workers cone
fron bores which cover the comDlete soil
profile fron surface to bedroci and where
the tTee root systern extends down through
the kaolinitic layer to the water tabLe,
which is usual ly at  considerable depth
(Kinber,  1974).  The total  sal t  storage
is therefore relevant to land-use problens,
but this may not be so in the Sunkland
where water tables are rnore shallow and
Tooting depth is much reduced, and where
the subsoil conditions are different..
Since no live plant noots were observed in
the Apostles Brook bores at depths greater
than lO n, i t  is  l ikely the sal t  storage
to that level is al1 that could be
influenced by land-use practices.

Groundwater properties
Grormdwater sal in i ty levels (Fig.  4)

rarely exceeded 650 ppn, and nost were less
than 400 ppm. The overall patterns of
salinity vari.ation recorded during 1976
resenbled those of the previous year,
although the values thenselves were
generally J.ower. This may be associated
with the unusually low rainfall during
winter 1976 in the Jarrahwood area (Fig.  5).
Water table level in nost bores also
ref lected these rainfal l  var iat ions.

The seasonal patterns of  sal in i ty
change varied considerably frorn bore to bore,
For exanple, the nid-slope bore Q8, which
showed ninor var.iations in bore water
level throughout the 1975-76 year, shor,red a
narked f luctuat ion in sal in i ty (Fie.  4).



TABLE 1

C h l o r i d e  a n d  s u l p h a t e  s t o r a g e  ( k g . h a - r  x  1 0 s )
at bore sites in Subcatchnent 3

( ( 1 0 . 6 4  n )
Sulphate

(>10 .64  n )
Chloride Sulphate

Q1

Q2

Q3

Q4

Qs
Q6

Q8
no

Q 1 7

Q l 8

I  . 7 2

8 . 3 6

7 . 6 0

6 . 0 8

8 . 5 6

8 . 5 6

9 . 1 2

8 . 3 6

1 0 . 6 4

1 0 . 6 4

0 .  20

0 .  04

o . 2 L

0 .  1 6

0. 06

o .o2
o . 4 4

0 .  1 5

o . 1 2

0, 04

Q10

Q l 1

Ql2

Q l 3

Q l 4

Qls

Q16

Qle

Q7

t 9  . 7 6

1 6  . 7 2

L 9  . 7 6

7 9  . 7 6

7 9  . 7 6

1 9  . 7 6

L 9  . 7 6
I q  O A

1 9 . 0 0

0 .  1 4

o .o7
0 . 0 7

0 .  06

0 .  1 5

0 .  09

0 .  30

1 . 0 1

o .  1 9

7 . 9 6

6  . 4 6

6 . 2 3

7. O0

4 .  1 0

6 . 0 5

s . 4 3

1 . 5 1

Mean  8 .66  0 .  14  0 .03 7 8 . 9 2  o . 2 3  4 .  9 5

s . D .  -  o . t 2 0 .  3 0  2  . 5 2
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TABLE 2

Comparison of Srmkland deep bore sal in i ty data with those of other researchers

Authority Location and
annual. rainfall (tnm) bedrock (rn) *

N o .  o f
bores

Sal t  (Cl  )  s torage
( x  1 0 ' k g . h a - ' 1 x

Bet tenay
( 1964) 3 9 . 6 5  1  N . A .

7  .  3 2  t o  I 4 t  . 2 9

Bat  in  i
(1s76)

Helena Catchment
800-  850 8 . 4  t o  2 9  . 3

1  1 ' 7  +  1  7 7

0 .  0 8  t o  4 . 9 3

Dimnock
(Le74)

Darling Range
800- 1000

? l  A  +  1 l  <

7 . 7  t o  3 3 . 6
L . 7 6  !  1 . 0 3
O . 6 7  t o  2 . 7 3

Darling Range
800

2 Q . 6  !  9 . 9
5 . 4 t o 4 2 . 7

4 .  9 1  1  3 . 2 1
0 .  3  t o  1 1 . 6 4

Herbert
( 1 9 7 8 )

Darling Range Bores to 44 n 1 . 0 1  t  o  . 7 9
0 . 1 8  t o  2 . 6 8

St i  r l  ing

Srmkland
> 900
(depth > 10.64 n)

o . 2 3  !  0 .  3 0
0 . 0 6  t o  1  . 0 1

(depth < 10.64 n) 0 .  1 4  r  o . 1 2
0 .  04  to  0 .  44

*Mean t standard deviation, with range below

Ir]here necessary, data for NaCl were converted to figures for Cl- content by
div id ing by 1 .65

N.A.  data not  avai lab le

r , 3 . / 5  1 , 7 . 7 5

FIGURE 5:  Rainfa l  l
March 1975 to March

1 . 3 , 7 6  | . 7 , 7 6  1 , r . 7 6  1 . 3 . 7 /
D o i e

data for Jarrahwood,
L 9 7 7

However,  bore Q3,  located 50 n away at  the

iiH,?illli'"iil;l',1'*"H: ;:::,':l o
sal in i ty .  Water  in  bore Q19,  on the
opposi te  s ide of  the val ley to  bore Q8,  a lso
v a r i e d  i n  s a l i n i t y  d u r i n g  t h e  y e a r .  T h e
data suggest that in both bores Q8 and Q19
a  p u l s e  o f  w a t e r  o f  h i g h e r  s a l i n i t y  p a s s e s
d o w n s l o p e ,  t h e  t i r n i n g  o f  t h e  p u l s e  b e i n g
r e l a t e d  t o  s e a s o n a . l  r a i n f a l  l  p a t t e r n s .
This  pulse,  however ,  d id not  appear  in  the
strearn outflow, indicatlng that the
par t icu lar  aqui fer  e i ther  is  d iscont inuous
and is diluted downslope or is confined and
is  not  in tercepted by the st rean bed.  Since
sinilar variatlons were not observed in any
of  the other  17 bores,  i t  appears that  th is
phenonenon is  not  character is t ic  of  the
atea.

S i n c e  t h e  s t T a t i g r a p h y  o F  t h e
Sunkland appeats to be relatively uniform

1 6 0

t 2
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(Cope,  197I) ,  i t  seens reasonabl .e to
regard the results fron one intensively
s t u d i e d  a r e a  a s  a p p l i c a b l e ,  i n  g e n e r a l
terms,  to  the region as a whole.

r1,  ̂  hn+^ hr^d'4hme has shown that the

soi l  proFi les are ext renely  var iab le at
the depth where tree roots could be
expected to in f luence hydro logica l
processes.  However,  s ince the soi l
contains cornparatively 1ow 1eve1s of
c h l o r i d c s  t h p  n o t A n t j a l  f o r  i n c r e a s e s  i n

i - i ' ' : ^  1 o r ^ i .  T h i s  c o n c l u s i o n5 L r r r 4 r "  r 4 r l - ' r r L )  r 5  r

is supported by observations in areas
elsewhere in the Sunkland where native
forest was replaced with pasture over
20 years ago but  which show no s ign of
i n c r e a s i n g  s a J  i n i t y  ( M c K i n n e l l ,  1 9 7 6 ) .
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