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SUMMARY

Soil cores lrom 20 deep bores in the Helena
C r t c h m e n t  w e r e  e x a m i n e d  f o r  e l e c t r i c a l
conductivity, total soluble salts, sodium chloride,
pH, bulk density and moisture content. Within an
rrrel of a lew squlre kilometres. considerable
differences in the store of soluble salts were
observed, Bores less than 300 m apart differed by
a lactor of 40. The quantity of salt stored per
unit of landscape appears to be related to site
type. Types.l, F/J and M/G were generally non-
salinc: Y types had a saline band between 3 and
ll nretres. and H/G types tended to be saline at
depth. The data for A types wer€ inconclusive. In
I i n e r - t e x t u r e d  s o i l s .  t h e  s t o r e  o f  s a l t s  w a s
concentrated in the region above the water rest
l cve l  and be low the  sur f i t ce  so i l  hor izons .



. INTRODUCTION

In  the  ers te rn  por t ion  o f  the  He lena
Catchment. there are larse areas suitable for the
establishnrent ol ' pine plantations. A considerable
store of soluble salts is Dresent within laterit ic
pro l i les  in  the  Dar l ing  Range (D immock,
Bc t tenay  and Mulcahy :  1974) ,  espec ia l l y  in  low
ra in l i r l l  u re rs  (<800mnr  per  annum) .  Beford  a
pl nting programme' can be confidently
undertaken, the possible effects of this change in
lrnd use on pirrameters of salt and water yield
nccd to he rrssessed.

Dur ing  1973,  two exper in len ta l  ca tchments i
circh ol about 500ha. were selected. These were
loclted 22 km east of Mundaring Weir and had
an annua l  ra in fa l l  o f  approx imate ly  820 mm.
Us inr  sa l t fu l l  da tN prov ided hr  H ines ton  (oers .
comm.) ,  the  annua l  sa l t  innu t  was  c i l cu la ted  as
52 kg ha '. The landforms and soils for this
portion ol the Darling Range have been
descr ibed (Mulcahy ,  Churchward  and D immock l
1972). Nnd the catchments included parts of the
L i r tc r i t c  M n t led  Up l rnd  rnd  o f  the  Goonap ing
V a l l e y  U n i t .  T h e  e x p e r i m e n t a l  a r e a s  w e r E
nrapped in detail for soil and site-vegetation
types. rccording to the system of Havel (1975).
Curren{ nleasurements include estimates of
rrinfall and saltfall. and stream flow and salt
l low.  ln  add i t ion  to  these.  i t  was  cons idered
desirable to assess the ouantitv of salt stored in
the profi le and its distribution by site types. This
wus ach ieved by  the  dr i l l i ng  o f  bore  ho les  and
anllysis ol the core sanrples recovered.

METHOD

The locations of bore holes were selected on
the basis of site-vegetation type. Twenty holes
were fully cored, l7 within the two experimental
ca tchments  and 3 loca ted  8  km to  the  eas t .  The
ho les  were  dr i l led  w i th  a  Gemcodr i l  H l3
nrounted on a Bedford Truck (Plate l) and fitted
with hollow fl ight augers, wire-l ine, split barrel
and press shoe. Where possible, dri l l ing
continued to bedrock and a comDlete core was
r e c o v _ e r e d ,  w r a p p e d  i n  p l a s t i c . ' l a b e l l e d  a n d
stored,

Samples for analysis were obtained from the
soil surface and lrom the press shoe (the latter
usua l ly  a t  76  cm ver t i ca l  in te rva ls ) .  The samples
from the press shoe were immediately subdivided
into two parts. one of which was used for the
analysis of specific electrical conductivity (EC),
to ta l  so lub le  sa l ts  (TSS) ,  sod ium ch lo r ide  (NaCl )
lnd  nH.  The o ther  Dor t ion  was ob la ined f rom a
section of known volume. transferred to a
nroisture-content t in, sealed and subsequentlv
processed for gravimetric moisture content ani
lor bulk density. The occasional use of a cutting
shoe in compacted strata resulted in some
incom plete cores being recovered.

The concent ra t ion  o f  so lub le  sa l ts  in  the  so i l
sanrples was estimated from the specific
conduct iv i t y  o f  a  I  :5  so i l :water  suspens ion ,
which had been shaken for one hour. The
relationship used was as follows:
(TSS%) : 0.0000000483 (EC)'? + 0.0002175 (EC)

0 .0014
(Where  EC is  measured in  pS a t  25"C (Hatch ,
1916\\

pH values were determined on the same
soil:water suspension using a glass-calomel
combined electrode. The percentage NaCl was
obta ined by  t i t ra t ing  a  20  ml  a l iquo t  o f  the
suspension rgainst silver nitrate, using an
electrometric nethod (Piper, 1947).

The estinrale of total salt for each location was
derived by integrating the data using the
Trapezoidal Rule, and extrapolating curves to
bedrock in the profi les whire thJ data was
incon'r plete .

After each hole had been dril led, a piezometer
was installed. This consisted of a length of 48
mnr internal diameter PVC piping, slit vertically
below the water table (or for' a 

-minimum 
of 6

m) ,  w i th  an  uns l i t  por t ion  above th is .  The lower
section of the hole was backfi l led with coarse
sand to about I m above the slit section. A
cen'rent grout seal was added and the remainder
wrs backfi l led with dri l l ing spoil. The part above
ground was protected with a length of cement
pipe and then capped. On the following day. the
wuter rest level (WRL) was recorded.

l :  Gemcodri l  HI3 mounted
S i t e  W l  l .

Bedford TruckPLATE
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*This hole was not cored.



TA BI-E 2

Anrlysis ol Corcs l ionr Dccp Borc l lolcs W5 irnd tl l4

*  lnconrplc le core.

TABLE 3
(  o lnp.rr ison ol  lhe Sr l in i t )  Characlcr is t ics o l  Deep Bores wi th lhc Drta o l  l ) i r r lnrolk. r  d/

(Mf ln l  s l  ndard devia l ion,  wi lh &rngc shown hclow).

Depth
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r580
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5 .0
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3 . 1
6 .8
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7.0
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6.2
6 .3

6.4
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2'l I
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r743
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t4 l5
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. 2 3 1
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. 4 1 0
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l lc lenr Crtchnrcnt
(800-850 mm. p.a.)
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2 r . 6 1 l l . l
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0 . 1 3
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5 . 4  -  4 2 . 1
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A  A s s u n r i n S  r r v e f t r g c  b u l k  d c n s i t y  o l  l ? 5 0  k g  n  r l i ) r  p r o l i l e  t )  A s s u n r i n g  l v c f i r g e  h u l k  d c n s i l l  0 1  t 7 0 0  k g  n r  , l i J r  
t r o t i l c
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RESULTS
l -hc  horc -ho lc  Iocr t ions  and s i te  descr ip t ions

are  g iven in  Tab le  1 ,  and the  cor respond ing
so lub lc  sa l ts  p ro l i l cs .  p l l  and  wr tc r  res t  leve ls  in
l igurcs I lntl 2. Thc rcsults lor borcs W5 rnd
H l4  a re  g iven in  Tab le  2 ,  as  examples .

M; rn l  o l  the  pro l i l cs  wcrc  non-sa l ine ,  wh i le
o t l rc rs  showcd pronounced s to res  o f  sa l t  a t
v l r l ing  dcp lhs .  The obscrved WRL's  (a t  the  end
ol sun'rl 'rcr) occurred in the zone below the
cr is t ing  s i r l t  s lo rc .  Thc  genera l  t rend wus lo r  pH
ru lucs  to  bc  in  the  r i lnge  5  to  7 ,  w i th  a  tendency
to increase in the zone above bedrock. Where
not iccub lc  s l l t  bu lges  occur red ,  these were  o f ten
i rssoc iu tcd  w i th  u  cor rcspond ing  decre tse  in  pH.'The 

rc la t ionsh ip  bc tween ch lo r idc  (NrCl )  and
condr rc t i v i t \  was  i rs  l i r l l ows (Hatch .  1976) :

(NuCl ' I  )  :  0 .00021 l2  (EC)  +  0 .0017
(Whcn EC is  ms surcd  in  FS i l t  25"C) .

Thc  ca lcu l l t cd  bu lk  dcns i t ies  averaged 1750 kg
rrr r. r,r ' lr iclr approxirrrrlcd tl 'rc values of Dimmock
r , l  a / .  Occas ion l l l y .  thc  dcns i ty  exceeded 2000 kg
rn  r .  suggcs t ing  th  t  son lc  cor rp lc l ion  w i th in  the
prcss  shoc  nr ly  huvc  occur rcd .  In  Tab lc  3 ,  the
s l l in i t \  chur i rc tc r is t i cs  o l  thc  deep bores  nre
conr f l i r cd  w i (h  thosc  o l  [ ) in tn tock  c /  a / .

DISCUSSION

Thc da ta  (Trb lc  3 )  cor responded re tsonab ly
we l l  w i lh  thu t  o l  D in rnrock  c t  a l  lo r  thc  800-1000
nrnr  p .a .  ra in la l l  zonc .  bu t  were  cons iderab ly
lowcr  in  s to rcd  sa l l s  th rn  those fo r  the i r  low
rLr in l i r l l  (<  800 ml l l  p . i r . )  zonc .  Th is  cou ld  be
lccoun led  l i r r  p l r t l y  hy  the  h igher  ra in fa l l  w i th in
th is  cxpcr i rnent i r l  a rc r  and par t l y  by  the  sandy
n l tu rc  o l  n rany  o l : thesc  pro f i les .

Wi th in  r r r ias  o l  on lv  a  fcw sc lu i t re  k i lonre t res ,
c r t rcnrc  d i l l t l cnccs  in  thc  qurn t i t y  o f  s to red
solLrblc salis wcrc noted. f)ccp borcs Iess than
300 nl lnlrt d' if lcred hv a luctor of 40. I1 is
i r f 'p i r fcn l  lh : r l  . lhc  qu ln t i i l  , r l  s i l l l  s t t r rcd  under  ; r
un i t  . l r c i r  r \ l  l r rndsc l rpc  i s  rJcpcndent  no t  , rn l )  on
ru in l i r l l  (as  shown by  D inrn tock  e t  a / )  bu t  r t l so  on
thc  nn turc  o l  thc  p i r rcn t  In i l te r i i l l s  (  s  re f lec ted
h)  thc  s i tc -vege l i r l ion  typc)  ond poss ib ly  thc
p i rs i t ion  lnd  l luc tuu t ion  o l  the  ground-wa1er
t a b l c .

Sor rc  rc l l t ionsh ip  bc twecn s i te  typc  and
s i r l in i t l  wus  obscrvcd .  The Y s i te  {ypes  (Wl ,  H l6
i rnd  K3)  tsndcd to  havc  l  s to re  ( ; f  sa l t  in  the
rcg ion  bc twccn 3  and l l  n .  bu t  the  res t  o f  the
pro l i l c  wr ls  low in  s l l l i n i t y .  A l l  o f  the  . l  t ypes
(W2.  Wl .  W5.  11 l5  nd  K2)  were  non-sa l rne .
luo  o l  lhc  F / .1  types  (H18 rnd  K l )  were  non-
s  l inc .  hu l  thc  o thcr  ( [ l  13 .  a  mr rg inu l  s i te )  had a
cons ic lc r ib lc  s to rc  o l  s l l t  bc twcen 5  tnd  9  n r .
Both  o l  the  M / ( i  t ypes  (W4 and W8)  were
rc l i r t i vc l )  non- r l l i ne .  whcrcas  the  th ree  H/G
t lpcs  (1 |20 .  H2 l  rnd  H22)  were  sa l ine  r t  lower
dcpths .  A  nrarkcd  d i l ' l c rence w ls  observed
l )c lwccn thc  two A typcs  sunrp lcd .  One o f  these
101634/8 /76  1M A2o3

( l l  l 4 )  w  s  h i g h l y  s a l i n c .  t h c  o t h c r  ( W 9 )  w a s  n o n -
salinc. l- 'urthcr work is needed to elucidate these
rc la l ionsh ips .  und the  ex tcns ion  o l  th is  approach
to  o ther  dccp borc  s i tcs  scc l rs  mos l  dcs i rab lc .
[ )ccp  borcs  urc  expcns ivc .  nd .  i l  . casonab ly
rccLr ra tc  p rcd ic t ions  o l  s l l t  s tomge cou ld  be
in lc r rcd  l ionr  s i te -vcgeta t ion  types ,  th is  wou ld  bc
o l  cons idemblc  udvantage to  ca tchment
ln i lnilgers.

In  c ( )n t r l s t  lo  son lc  o l ' the  dr t r  o l  D i lnmock c /
r r1 .  in  no  c lsc  w ls  n  cons idcrah le  s l l t  s to re
observed be low thc  w l te r  res l  leve l .  I  n  a l l
p ro l i l cs .  thc  sur l rcc  hor izons  were  non-sa l ine .
Tlrc storc ol sllt was conccntr ted belween thcse
lwo: /oncs .  bu t  on ly  in  thc  l iner - tex tu red  pro l ' i l es .
whcrc  thc  sa l t  cou ld  bc  rc i rd i l y  accur lu l l ted .

In  cuch o l  thesc  two c l tchnents .  thc
cu lcu lu tcd  to t r l  s {o rc  o l  so lub lc  sa l t  in  the  so i l
profi le exceeded I x 103 kg. Though the proposed
p l ln { ing  r rc ls  (s i te  Type . l  and  F /J )  a re  usuu l ly
non-sa l ine .  thc rc  i s  a  cons ider i lb le  s to re  o l
so lub lc  sa l ts  in  thc  s i te  types  i ld jacent  to  (and
olicn downslrcanr ol ') thc trcas proposed lor
p l  n t i n g .
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