Holocene volcanic soils in the Mt. Gambier region, South Australia
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Abstract

Volcanic soils derived from mid-Holocene basaltic tephra in the Mt. Gambier region of South Australia have
developed in a xeric moisture regime. We studied two soils, one at Mt Gambier (MTG) and the other at nearby
Mt Schank (MTS). Both volcanoes were active ca. 6000 cal. years ago. The MTG soil has a high content of
CaCoOs; (incorporated during eruption through limestone) and other exotic materials intermixed with basaltic
tephra containing low amounts of glass. The MTS soil is derived mainly from basaltic tephra with high glass
content and much less CaCO; than at MTG. These parent mineralogies have led to markedly different clay
compositions and chemical properties: the MTS soil contains abundant allophane (mainly) and ferrihydrite
with few layer silicate clays, whereas the MTG soil is dominated by layer silicate clays and low allophane or
ferrihydrite. Both soils are near neutral or alkaline. The MTS soil has a melanic horizon and andic properties
and is classed as a Melanoxerand. The MTG soil has weak andic properties with insufficient glass to enable it
to be classed in the Andisols, and is instead a Calcixeroll.
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Introduction

The youngest volcanoes in Australia comprise the Mt Gambier (MTG) and Mt Schank (MTS) basalt
complexes, ~10 km apart, in southeast South Australia. The area is characterised by xeric moisture and mesic
temperature regimes. Volcanic soils and on around these complexes are derived mainly from basaltic tephra
materials erupted ca. 6,000 cal. years ago. Tephra erupted from the craters at MTG contains considerable
quantities of CaCOj; and quartz, chert, and siliceous sponge spicules derived from thick Tertiary limestone, and
calcareous sands, through which the basalt was erupted. Previous work has shown that glass content in MTG
soils is comparatively low (<20%), and that much of the glass is altered. Tephra (scoria) from MTS contains
much less exotic material (only from underlying calcareous sands) and has a higher glass content (=50%), most
unaltered. Volcanic crystals in both cases include olivine, labradorite, titanaugite, and Fe-Ti oxides (Lowe and
Palmer 2005). Although the glass at both sites is basaltic, and hence low in SiO, (~50 wt %) and high in Al,O5
(~17 wt %), extra SiO, occurs at Mt Gambier by inclusion of the exotic minerals. We studied differences in
physical, mineralogical, and chemical properties for two soils, one at MTG (near Blue Lake) and the other at
MTS (on scoria). We also analysed humic materials because both soils have deep, dark A horizons.

Methods

Soil analytical methods were based on ISRIC (1986). Humus compositions were analyzed using the Nagoya
method (Kumada 1987). Allophane and ferrihydrite contents were estimated from oxalate and
pyrophosphate-soluble Al, Si, and Fe (Parfitt and Wilson 1985). Layer silicate clays were estimated using
XRD.

Results

The MTS soil has physical properties typical of pedogenesis of tephra including low bulk density (0.7 g/cm’)
and low solid phases. A high porosity with warm, dry summers and moist winters accelerated the weathering
of the material to form a relatively high clay content in upper horizons (~30%) in comparison with that of the
MTG soil (~20%) (Table 1). Total soil analyses match the primary mineralogies: the MTS soil has a typical
basaltic composition whereas the MTG soil has a high content of SiO, in upper horizons and a high content of
CaO in lower horizons, commensurate with the incorporation of limestone and silica polymorphs into its
parent material (Table 2). The 2Bk horizons have high base/Al ratios because of minimal losses of CaO by
leaching compared with losses from upper horizons. A1 and A2 horizons of both soils have high soil organic
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Table 1. Physical properties.
Depth  Munsell Bulk density Three phase distributuion (%) Particle size distribution (%)

Hori
orizon (cm) color | (g/cm®) Solid | Liguid  Air C.sand F.sand Silt = Clay Txture

Al 0-20 1ovri7/1 086 347 304 349 301 322 164 213  SCL

s A2 20-45  10YR2/1 097 388 274 338 359 312 136 193  SCL
'-é AB 45-60 1oyr272 = 1.14 458 258 284 389 301 119 191 SCL
&S Bw 60-75 1ovR3/4  1.18 422 258 320 390 297 135 117  SCL
.~ 2BCk  75-91  1ovr4/3  1.33 502 236 262 482 301 108 108 LS
= 2Ckt  91-130 1ovRs/a 148 580 212 208 534 265 1.1 130 SL
2Ck2  130- 1ovRs/2 145 56.7 166 2638 449 311 101 140 SL

Al 0-11  1owri7/1 052 224 406 370 264 178 262 296 LiC

E A2 11-22  10YR2/1 0.72 289 430 281 262 181 254 304 LiC
S AB 22-35 1ovyr/3 0.72 266 408 326 293 202 235 211 LiC
@ Bw 35-55  10YrR4/4  0.66 249 366 385 393 243 200 164 LiC
= 2A 55-75 1ovr3/a 097 36.7 384 249 468 300 138 95 LS

20 75-100 1ovR2/1 1.39 525 296 179 449 405 80 6.6 LS

Table 2. Total analysis of <2 mm fraction (% of 900 °C base).
Horizon  Si0, A,O, Fe,0; Ti,0O MnO, CaO MgO K,0 Na,0 P,05 Si0,/AL,O; °B/AL0O;

Al 7534 845 555 113 007 492 203 107 069 0.75 15.1 1.94

5 A2 8142 684 483 093 006 241 150 085 063 0.53 20.2 1.48
;E AB 8157 743 490 096 006 165 150 087 059 048 18.6 1.17
S Bw 7849 817 588 111 006 186 205 090 099 049 16.3 1.37
< 2BCk 5763 708 462 094 006 2328 439 066 0.78 0.57 13.8 7.83
= 20kt 59.15 660 416 080 005 2269 468 062 076 049 15.2 8.34
2Ck2 5865 651 442 089 005 2300 440 068 086 0.53 15.3 8.46

Al 51.14 1289 1273 3.15 017 683 720 104 152 335 6.7 2.66

‘é A2 49.51 1344 1342 330 018 681 761 101 160 3.12 6.3 2.63
s AB 47.72 1465 1417 350 017 667 780 096 156 2.80 55 242
ij Bw 46.25 1563 1434 364 016 689 743 120 193 253 50 2.29
= 2A 4495 1459 1352 342 016 775 1782 191 341 246 52 2.85
2C 4599 1337 1262 3.17 0.15 802 782 258 388 240 5.8 3.26

’B/Al,04: Base/Aluminum ratio;(Ca0+MgO+K,0+Na,0)/Al,0,

matter contents (>10%), but a relatively lower content of N in the MTG soil relates to its high pH. The base
saturation is >100% in horizons of the MTG soil, higher than for the MTS soil because of the
limestone-bearing parent material. Values are also high in the MTS soil (~100%) because of the accumulation
of bases by upward capillary movement during warm and dry summers. The values of phosphate absorption
coefficients (equivalent to P retention) in horizons of the MTS soil are higher than those of the MTG soil
because the MTS soil has much more allophane and ferrihydrite (Tables 3 and 4).

Table 3. Chemical properties.

Hori pH Org. C Ino.C T-N C/N Humus CEC Exchangeable cations (cmol/kg) Base P-Abs.
on
H,0 KCI NaF (g/kg) (g/kg) (g/kg) (org. C) (%) (cmol/kg) Ca Mg K Na satu. (%) coeffi.

At 808 736 955 727 2.6 22 330 1253 4500 5757 5.08 553 10.22 174 1179
A2 798 738 9.67 56.6 1.8 1.7 333 9.76 3744 46.14 3.65 0.77 1.16 138 1074
AB 793 7.31 981 35.9 nd 1.1 32.6 6.19 3254 3058 2.85 0.50 1.41 109 947
Bw 798 718 988 19.0 nd 06 317 3.28 2448 2488 3.91 1.32 3.25 136 920
2BCk 829 7.60 105 11.8 412 03 393 2.03 14.91 36.20 398 083 3.50 298 765
2kt 846 771 107 8.1 408 02 405 1.40 13.39 3465 3.99 1.27 3.92 327 638
2ck2 866 7.70 10.5 5.1 512 0.1 51.0 0.88 12.68 30.71 2.63 0.61 1.65 281 703
At 657 572 103 1128 nd 8.2 138 1945 5828 3202 1208 454 2.16 87 1670
A2 684 581 107 60.2 nd 41 147 1038 4236 26.08 7.26 2.97 2.00 91 1635
AB 696 590 105 400 nd 3.1 12.9 6.90 37.73 2370 6.07 3.89 492 102 1769
Bw 726 6.16 104 16.6 nd 1.3 12.8 2.86 29.28 18.49 527 2.41 3.05 100 2157
2A 769 649 103 21.9 nd 16 13.7 3.78 2523 1692 518 242 3.06 109 1216
2¢ 770 6.68 994 5.0 nd 04 125 0.86 10.04 6.44 2.00 1.18 1.27 109 433
P-Abs. coeff., is Japanese traditional metod for p-retension. Max value is 2687mg P205/100g soil at pH 7.0, nd: not detected.

Mt. Gambier

Mt Schank

The dominant clay minerals in the MTG soil are kaolinite, smectite, illite, irregular mixed layer smectite-illite,
minor kaolin-smectite (indicated by asymmetric 0.7nm peaks), all of which originated from the limestone, and
in the MTS soil the main clay is allophane with subordinate ferrihydrite (Figure 1). Allophane formation in the
MTS soil is governed by Si leaching from upper horizons during winter and early spring when precipitation is

© 2010 19" World Congress of Soil Science, Soil Solutions for a Changing World 48
1 -6 August 2010, Brisbane, Australia. Published on DVD.



at a maximum and evaporation is low, thereby promoting the formation of Al-rich allophane (Al: Si ratios are
~1.6-1.9) (Table 4). Around 280 mm of water on average drains through upper horizons for typically three to
ten weeks in this period (out of a total annual rainfall of ~700 mm) ( Lowe and Palmer, 2005). The MTS soil
fulfills the andic properties requirements of both Soil Taxonomy and WRB to qualify for Andisols (Andosols),
but the MTG soil has only weak andic properties and insufficient glass (<~20% required) to meet the
thresholds for Andisols (Table 4). At some other sites in the MTG area, however, some soils had sufficient
glass to just meet criteria required for Andisols (Lowe and Palmer 2005)

Table 4. Selective dissolution analysis and allophane content.

horizon "0X (g/ke) BDGC (g/kg) CPY (g/kg) (Alo-Ap)/Sio PSRO SRO/ Ferrihyd
Sio Alo Feo Ald  Fed Alp Fep (molar) (%) Clay(%) rite(%)

Al 236 396 538 288 1415 093 057 1.33 14 6 9

S A2 306 539 628 244 1535 108 0.74 1.47 19 10 11
2 AB 259 497 702 133 1318 131 084 147 16 8 12
S8 Bw 311 679 922 272 1369 1.08 0.73 191 23 13 16
o 2BCk 355 458 692 200 9.14 025 0.14 1.27 20 19 12
= 2C1k 333 365 534 133 875 025 0.10 1.06 1.7 13 9
2C2k 301 225 571 102 7.66 012 0.11 0.74 13 9 10

_ Al 1291 2689 11.38 522 1693 389 0.92 1.85 92 31 19
c A2 1551 3056 13.60 504 1657 3.13 0.90 1.84 110 36 23
S AB 2151 3862 1570 534 2317 258 0.66 1.74 148 54 27
»  Bw 2472 3942 1773 558 2199 122 052 1.61 16.1 98 30
£ 2A 1638 2491 1358 470 22.87 087 047 153 104 109 23

2C 6.98 11.19 7.31 1.28 5.55 047 0.24 1.60 4.5 69 12
AOxalate soluble Si, Al, Fe CPyrophosphate soluble Al, Fe, Ca
BDithionite soluble Al Fe PSRO: Short Range Order minerals; mainly allophane

Humic acids for all soil horizons from both MTS and MTG soils are classified as “A type”, the most highly
humified type (Figure 2). Properties associated with these humic acids in surface to subsurface horizons of
both soil are very similar (Table 5). We found it difficult to distinguish beween the soils using °C solid NMR
spectra (data not shown). The accumulation and high degree of humification of the soil organic matter in both
soils are probably promoted by formation of Ca-humus complexes in the MTG soil and of Al-humus
complexes in the MTS soil. It is possible that Aboriginal ‘fire-stick’” farming has promoted strong humification
and ‘melanisation’ in upper horizons through the addition of charcoal from burning and from regular bracken
fern growth that follows (Lowe and Palmer, 2005). The upper horizons of the MTS soil form a melanic horizon
and those of the MTG soil a mollic horizon (Tables 4 and 5).

Mt. Gambier <2p Mg satu.

ldnm 1.0nm 0.7nm

Mt. Schank < 2p Mg satu.
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Figure 1. XRD patterns of Mg-saturated clay fractions.
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Soil classification

The MTS soil we studied is a Typic Melanoxerand in Soil Taxonomy and a Silandic, Melanic Andosol (Eutric,
clayic) in the WRB system. (Thaptic Haploxerands were also reported at MTS by Lowe and Palmer 2005.) The
MTG soil we studied is a Typic Calcixeroll in Soil Taxonomy and a Haplic Chernozem in the WRB system.
(Both Humic Vitrixerands and Calcic Haploxerands were additionally reported at MTG by Lowe and Palmer
2005.) At a site midway between the two volcanic complexes, a soil on fine basaltic ash was classed as an Alfic
Humic Vitrixerand by Lowe and Palmer (2005). Xerands make up only ~4% of Andisols and hence are rare
globally because andisolization tends to be favoured by strong leaching in cool, udic moisture regimes. The
Xerands in the Mt Gambier area are the only Andisols currently known in Australia (they are Andic, Chernic
Tenosols in the Australian Soil Classification).

Table 5. Humus composition.

Horizon  HT HE  HE/HT(%) a b PQ(%) RF  A-logK 180

Al 1371 675 49 514 161 76 1127 0557
s A2 920 517 63 449 128 78 1310 0538 160 O ns
s AB 851 420 49 287 134 68 1369 0530 Atyoe
S Bw 484 194 40 95 99 49 1259 0535 140 Ce
~ 2BCk 158 87 55 35 52 40 983 0538 <
= 2cik 70 36 52 15 241 4 940  0.554 120 it Gambier o.A?
202k 2.1 1.6 76 07 09 45 1167 0.591 o
Al 2229 941 42 649 292 69 881 0623 L Ot Schank o
< A2 1377 642 47 400 242 62 1562 0512 " g ™
£ AB 962 396 41 198 198 50 1388 0552
® Bw 368 173 47 67 105 39 1402 0554 o | B
= 2A 309 162 53 65 9.7 40 1200 0520

2C 109 6.0 55 19 41 32 103.0  0.503 10

HT: total humus; ml of 0.1N KMnO, consumed by 1¢g soil. (converted rate using dry combastion is Iml = 0.4mg C) P type
HE; extracted humus; the sum of 0.1N KMnO, (ml) consumed by HA and FA of the two extracts per 1g soil. 20 | Rp type

a and b: the amount of HA(humic acid) and FA(fuvic acid, respectively, calculated as ml of 0.IN kMnO,

consumed by HA and FA of each extract corresponding to 1g soils. 0
PQ: a/(a+b) * 100; percent of HA in extracted humus(HA + FA) 09 08 A?\ZEK 06 05 04
RF: K600 * 1000/c; where ¢ is ml of 0.1N KMnO, consumed by 30ml of HA solution used for determining
absorption spectrum. Figure 2. Classification diagram of
A-log K: log k 400 - log K 600, where K is the optical density at 400 or 600 nm humic acid
Conclusion

Contrasts in parent materials of two soils of similar mid-Holocene age at MTG and at MTS in southeast South
Australia, which has a xeric moisture regime, have led to markedly different soil physico-chemical properties
and clay compositions. Soils at MTS, on basaltic tephra (scoria) with common glass and relatively few
limestone-derived minerals, contain much more allophane and ferrihydrite but few layer silicate clays. Soils at
MTG, on basaltic tephra with intermixed limestone and other exotic materials including silica polymorphs,
contain low allophane and ferrihydrite and abundant layer silicate clays including kaolinite, smectite, and illite.
Organic matter in both soils is similar in accumulation and humification (both A type) and meets melanic or
mollic epipedon requirements. The MTS soil in our study is Typic Melanoxerand (or Silandic, Melanic
Andosol), and the MTG soil in our study is a Typic Calcixeroll (or Haplic Chernozem).
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