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SOIL PROPERTIES  
CONSERVATORIUM SITE, SYDNEY 

 
Roy Lawrie 

 
1.0 Summary 
Inspections of the soil profiles exposed in a number of locations around the 
Conservatorium of Music showed that the original soil was a sandy yellow earth, with a 
variable amount of gravel.  Formed on weathered Hawkesbury sandstone, the original 
profile features had been altered by cutting and filling of the surface, generally leaving the 
subsoil physically undisturbed.  However, dumping of alkaline, calcium-rich wood ash on 
the surface, probably in the early 19th century, has drastically altered the soil chemical 
properties.  Soils in the former courtyard of the building, protected by the roof since 1913, 
had chemical properties quite different from those outside, exposed to the weather.  
Evidence of both human and animal waste disposal was seen in elevated phosphorus and 
potassium contents at several disturbed sites outside the building, but not in the courtyard 
inside. 
 
 
2.0 Description of the site 
Soils were inspected and sampled in May 1998 and July 1999. The site is located near the 
crest of a gently sloping sandstone ridge running north to Government House.  South of 
the Conservatorium is a slope up to the Botanic Gardens fence that rises sharply up from 
the roadway. This appears to have been cut into the ridge.  There are mainly very shallow 
soil profiles on this slope and shelving sandstone bedrock lies beneath it.  Groundwater 
was seeping from the ridge above in 1998, and the sandy soils were waterlogged, 
particularly at depth.  The soil at sites 1 and 2, located above the slope on more level 
ground, was waterlogged in a zone above the sandstone, or along gravelly layers higher 
up.  Soil profile features indicative of permanent waterlogging, however, were not 
observed, suggesting that the area may be only seasonally swampy.  The original woodland 
vegetation may have featured the mallee eucalypts (E. luehmanniana, E. obtusiflora, E. 
multicaulis) which typically grow in shallow sandy soils on or below ridge lines, and are 
often seen in seepage zones (Benson & Howell, 1990).  The large planted trees which grew 
prior to the excavation did not appear to be adversely affected by the wet conditions.  
Their roots, however, were concentrated in the upper part of the profile (see photo) above 
the zone most prone to waterlogging. 
 
3.0 Features of the soil profile 
The soil profile on the ridge had a thin dark greyish brown sandy surface soil overlying a 
yellowish grey, but still sandy, subsurface layer containing variable amounts of gravel.  
The underlying subsoil is yellow brown and more clayey, but is not mottled or pallid.   
 
Lower down the ridge, at site 3 inside the former courtyard, the profile is mainly similar to 
site 1, except for the presence of pallid clay in the deep subsoil.  The pallid clay extends 
part of the way upslope towards the Botanic Gardens fence.  Gravel is concentrated in a 
band in the upper B horizon, and there are no roots present.  Soil pH in the A horizon of 
site 3 is elevated, as seen in many archaeological sites around Sydney.  It rises even further 
in the gravel layer (6.8) before plunging back to a minimum (4.2) in the pallid clay.  The 
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exchangeable calcium percentage is high in the surface, then falls with depth, dropping to a 
minimum in the pallid clay of the deep subsoil.  The concentrations of phosphorus, carbon 
and potassium down the profile show little change with depth; concentrations do not peak 
in the A horizon. 
 
The trend in Bray phosphorus content with depth closely follows the trend of organic 
carbon content.  This demonstrates that nearly all the plant-available phosphorus is 
associated with the soil organic matter.  Sources of inorganic P such as fertiliser are 
virtually absent. 
 
3.1 Features of Site 2 
At site 2 (the pollen pit, see cover photo) the original profile has been disturbed by 
cultivation and other activities in the early 19th century.  Compared to site 1, the yellow 
brown basal horizon (B2) is much thinner and more gravelly, and the overlying greyish 
yellow layer much thicker and free of gravel.  The original profile appears to have been 
removed to allow  quarrying, and then the site was backfilled using the more sandy upper 
layers.  This has affected the soil chemical properties down the profile through to the 
sandstone bedrock at a depth of 90 cm.  The exchangeable calcium concentration is very 
high in the subsoil above the rock, and constitutes 85% of the total of exchangeable 
cations.  In undisturbed soils a figure of 5 or 10% would be expected.  The concentration 
of the other exchangeable cations is not affected in the same way.  The phosphorus and 
carbon levels also appear to be unaffected at this depth.  Higher in the profile, on the other 
hand, the levels increase, along with the exchangeable potassium content.  The pH depth 
trend is the opposite, matching the exchangeable calcium percentage.  Soil salinity is low 
throughout, as seen in undisturbed soils in a similar landscape position around Sydney. 
 
 
3.3 Interpretation and discussion 
The 1913 Crane Hole (Site 3) has been sealed off from the weather for over 85 years.  
Consequently, there has been no plant growth during this period.  The profile was still 
moist in the subsoil, probably via lateral movement of groundwater from upslope through 
the gravel layer in the upper B horizon. This has allowed microbial activity to persist and 
to decompose much of the soil organic matter.  The phosphorus and potassium, once 
associated with the surface organic matter, appear to have migrated down the profile.  
Calcium, however, did not move in this way and has remained closer to the surface, 
probably because it was mostly of inorganic origin.  Dumping of alkaline calcium-rich ash 
from fireplaces raises the pH at the surface, as well as increasing the exchangeable calcium 
content.  Subsequently, leaching after rainfall events elevates the pH down the profile.  
This process would have taken decades to bring about the substantial rise in pH seen in the 
gravel layer (45-55 cm).  The deeper layers of the profile are less alkaline, probably 
because there was not a long enough period (due to the construction of the roof) for 
leaching to penetrate to the base of the profile.  As is frequently seen in similar soils at 
other sites, the calcium content in the subsoil (i.e. in the sandy clay layer) at 60-65 cm is 
still elevated, but the pH rise is starting to lag behind.  In the underlying pallid clay the pH 
is virtually unchanged from its original level, and the increase in calcium content is only 
small.  The clayey deep subsoil could also have a lower permeability which would also 
reduce the extent of calcium leaching.  Other cations present in the ash (such as 
magnesium and potassium) have also moved downwards, but the effect on the original 
subsoil concentrations is minor, compared to calcium. 
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The soil profile features at site 2 resemble those of a natural profile, i.e. a surface layer 
darkened by organic matter over a yellow subsoil.  This may have been achieved during 
the early 19th century by backfilling with loamy sand from the top 30 cm of the original 
profile and subsequent establishment of vegetation.  Calcium-rich wood ash may have been 
dumped during this period. 
 
Outside the building the soil has been exposed to rainfall for 85 years longer than site 3.  
The extent of downward penetration of surface-applied calcium is much greater.  The 
percentage of exchangeable calcium peaks at the base of the profile at site 2, and so does 
the pH.  The extent of the reduction in calcium content in the upper horizons indicates not 
only that the surface deposition of calcium-rich ash is no longer occurring, but that it 
stopped many decades ago.  The dark sandy loam fill used as top-dressing on the surface 
has a reasonable exchangeable calcium content and, together with its higher carbon, 
potassium and phosphorus levels, provides favourable conditions for plant growth.  The 
high density of plant roots in it is good evidence of this.  But it does not have a surplus of 
calcium available for leaching. 
 
The soil profile beneath this relatively recent top-dressing appears to have supported plant 
growth over a very long period.  The former A horizon (33-43cm) has an elevated organic 
carbon content, and the phosphorus and potassium contents are in the range favourable to 
introduced plants; both are higher than normally found in undisturbed areas of native 
vegetation, but not as high as those often seen in modern garden beds or areas of intensive 
cultivation.  This suggests the absence of high rates of fertiliser.  The underlying layer (43-
65 cm) has an elevated calcium content, and a slightly higher available P level and pH.  
This is consistent with evidence of earthworm activity, showing incorporation of some of 
the darker overlying layer.  Infilled earthworm channels are normally seen much closer to 
the surface, suggesting that they were formed before more recent topdressing buried the 
former soil surface.  Below 65 cm the pH and the exchangeable calcium concentration are 
much higher than in the virgin state. 
 
 
4.0 Disturbed sites 
Courtyard:  Enormous differences in chemical properties exist in some of the disturbed 
sites compared to the undisturbed situation.  At site 4 (Test trench 2), the ashy surface 
layer has an available P level and a total of exchangeable cations 20 times higher than a 
normal loamy sand topsoil. This is due to the phosphorus and calcium content of the ash.  
Charcoal in the ash has also boosted the carbon content, but not by nearly as much as the 
calcium level.  The pH is alkaline (7.6) and the exchangeable potassium concentration is 
also elevated.  All these chemical properties can arise from the disposal of wood ash on the 
surface of the site. 
 
The finely stratified sand and fine gravel layer beneath the surface contains fragments of 
oyster shells.  These are also calcareous, but contain no organic carbon.  The layer has 
little or no ash, and the potassium, phosphorus and organic carbon contents are 
accordingly much lower than on the surface.  However, its pH and exchangeable calcium 
content are both elevated, showing that calcium-rich alkaline material has migrated down 
from above.  This has continued down to the next layer, which is still highly enriched with 
exchangeable calcium and slightly alkaline, despite the absence of any oyster shell 
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fragments.  Plant roots are absent from this site, and individual sediment bands are 
preserved.  The soil properties suggest the following sequence of events occurring here: 
 
• Clearing of original vegetation and levelling of the surface (charcoal present, and 

thickened A horizon). 
 
• Deposition of eroded sediment from upslope, either by washing or following heavy 

rain; the oyster shell fragments may have been derived from early lime-burning onsite 
during building construction in the very early colonial period. 

 
• Disposal of wood ash onto the courtyard surface, probably during the early-mid 19th 

century (ash-derived calcium has slowly leached downward, at least 25 cm prior to the 
roof construction in 1913). 

 
Evidence of animal manure deposition (i.e. very high Bray P concentrations and higher 
exchangeable potassium levels) at this site is weak, probably because overlying deposited 
material was removed prior to sampling.  The relatively modest levels of P and K imply 
that these nutrients were not leached downward to any significant extent.  On the other 
hand, if any horse manure was deposited here, it must have been swept up at frequent 
intervals.  The absence of any vegetative cover on the surface is also a factor in reducing 
phosphorus and potassium concentrations in the surface layer. 
 
In the area surrounding the building:  An elevated percentage of exchangeable calcium 
was recorded at all other sites sampled around the building.  The smallest rise was seen in 
the “perched swamp” at area E, test trench 5. This site also has the lowest pH (5.7 and 
5.8) and the lowest Bray phosphorus content (2 mg/kg). The results suggest that less ash 
was dumped here than around the other sides. 
 
Higher percentages of exchangeable calcium were recorded at area G nearby, and on the 
northern side (context 863).  However, there was a very large difference in the Bray 
phosphorus level between these two locations. The levels are 50 times higher at the area G 
site, and the soil also contains much higher exchangeable potassium concentrations.  This 
suggests that dumping or spreading of animal manure (which is rich in phosphorus and 
potassium) may have occurred here.  The carbon contents at the two locations are at a 
similar modest level, however.  Perhaps the organic matter in the manure has been 
decomposed over time.  Alternatively, a low-carbon but P-rich material may be 
responsible.  Runoff from the stables, contaminated with dissolved P (and potassium) may 
have flowed in this direction, soaking into the soil and accumulating over time in a 
temporary swampy or boggy area.  The location of this site within the area formerly 
occupied by the pony stables is the significant factor behind these elevated phosphorus and 
potassium levels. 
 
The other location enriched with phosphorus is the drainfill. This also has by far the 
highest organic carbon content of any sample (4.8%), and a very high exchangeable 
calcium percentage.  Suspended organic matter solids containing calcium and phosphorus 
have settled out of suspension here.  Potassium, which is usually water soluble, has not 
been deposited to the same extent, and hence the concentration in the soil is not as high.  
This suggests human rather than animal wastes as a source of the organic material.  The 
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highest exchangeable potassium concentration (0.45 cmol(+)/kg was recorded in the 
?railway fill (context 828).  Contamination with animal waste here is unlikely, however, 
because the Bray P content is relatively low.  On the west (context 957) both potassium 
and phosphorus concentrations are low, but the calcium content is elevated.  This suggests 
that ash dumping is the main reason for the change in soil chemical properties.  None of 
the sites outside the building had chemical properties consistent with those found in 
undisturbed soils. 
 
 
5.0 Samples 
Three undisturbed cores (20 mm diameter) have been retained and can be made available from 
NSW Agriculture if required for further study.  All are from the old roadway on the southern side 
of the building:  (1) Two fills on the surface, 0-40 cm; (2) a sample of yellow sandy clay from the 
original B horizon, 28-68 cm; (3) a sample of the original B and C horizons from below the old 
roadway (excluding 70 cm of overburden). 
 
 
6.0 List of Profiles Recorded 
Site 1: 
Just off the crest of a sandstone ridge, 8 m from boundary fence with Botanic Garden, 40 
m south of main building. 
 
Depth (cm) Horizon/Layer Description 

0 mixed gardening 
fill 

dark grey brown sandy loam, structureless, with abundant 
plant roots up to 20 mm diameter and containing broken 
rusty iron and sandstone fragments, bones, ash, cinders 
and fired clay; wavy irregular boundary to 

35 A1 dark greyish brown loamy sand (10 YR 3/2), slightly 
browner than above, with many partly infilled worm 
channels; weakly aggregated, and containing slight to 
moderate amount of iron-indurated sandstone gravel (8-45 
mm diameter), becomes paler with depth, changing 
gradually to 

46 A2 greyish yellow loamy sand (10 YR 5/4) slightly gravelly, 
massive, with some infilled worm channels; clear change 
to 

68 B yellow brown sandy clay (10 YR 5/8), only a trace of 
gravel and no mottling, occasional fine root, continues to 

95  water ponding on floor of pit. 
 



Soil Properties Report - Lawrie 

________________________________________________________________________________________ 
Casey & Lowe Associates                                                                                  Conservatorium Site, 1998-2001 

6

Site 2 (pollen pit): 
In a small backhoe pit located 15 m north of site 1, just off the crest of a sandstone ridge; 
water ponding in floor of pit; previously sampled for pollen analysis. Sampled at 5 depths: 
20-30, 35-40, 50-55, 65-70 and 85-90 cm. 
 
Depth (cm) Horizon/Layer Description 

0 mixed fill 
(recent) 

dark sandy loam, with abundant plant roots 

33 old landscaping 
fill (?1820s)  
disturbed ?A1) 

dark greyish brown (10 YR 3/3) loamy sand, with 
abundant plant roots; changes gradually to 

43 disturbed greyish yellow (10 YR 5/4), loamy sand; becomes more 
clayey with depth, to clayey sand by 65 cm; clear change 
to 

85 B2 yellow brown clayey coarse sand (10 YR 5/8) with 
moderate amount of iron-indurated sandstone gravel; 
abrupt change to 

90  weathered sandstone, with water ponded above it. 
 
 
Site 3: 
Inside the courtyard/hall, in 1913 Davit Crane Hole, a cylindrical pit with diameter of 1.2 
m and depth of 1.3 m.  Sampled at 20-25, 35-40, 45-55, 60-65 and 95-100 cm. 
 
Depth (cm) Horizon Description 

0 mixed fill yellow-brown clay and weathered sandstone gravel, some 
iron-indurated; slightly wavy clear boundary to 

19 A1 greyish brown sand, structureless, with a very slight amount 
of charcoal in the top 2 cm; gradual wavy boundary to 

33 A2 yellowish brown loamy sand; clear straight boundary to 
44 B1 yellow brown loamy sand with 40% iron-indurated 

sandstone gravel; clear to abrupt change to 
57 B2 yellowish brown sandy clay, massive; diffuse irregular 

boundary to 
72 C very light grey medium clay, cheese consistency when 

moist; clear wavy boundary to 
108  hard weathered sandstone 
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Site 4: 
Inside courtyard/hall at test trench 2, upper slope position, downslope from site 3. 
Sampled at 3 depths: 1-5, 14-19 and 21-26 cm. 
 
Depth (cm) Horizon/Layer Description 

0 grey sandy fill 
with ash 

grey loamy sand with charcoal fragments; clear wavy 
boundary to 

5 banded coarse 
sediments from 
sheet erosion 
upslope 

light brown coarse sand, with finely stratified sandy layers 
between thin bands of iron-indurated sandstone gravel; 
fragment of oyster shell at 10 cm depth; abrupt change to 

20 ?A1 light grey sand, with slight amount of charcoal and rusty 
mottling; gradual change to 

40 A2?/B1? Yellowish brown loamy sand 
 


