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SOIL MINERAL STRUCTURAL WATER LOSS DURING LOI ANALY SES: IMPACT
ON ORGANIC MATTER CONTENT DETERMINATIONS

ABSTRACT

Structural water loss (SWL) from soil minerals hagn known to cause errors in the
determination of soil organic matter content (OM@en the loss on ignition (LOI) method is
used. Unfortunately, no known published studieiglog) quantify the range of structural water
in the soil. To do this, 15 common soil mineral$hmo included organic matter were analyzed
by LOI to obtain their individual SWL and to exaraitheir LOI patterns at different temperature
stages from 200 to 600 °C. In addition, 14 upldodmy soil samples and 3 wetland/hydric soill
samples were analyzed to collect their X-ray powdiiraction spectra. Based upon X-ray
spectra peak intensities, the modal abundancerénals in each soil sample was determined by
the RockJock computer program. The resultant medaiht percentages of all identified
minerals in each soil sample then were multipligdHz LOI value for each mineral to obtain the
SWL of that soil sample. With the exception of gymsand dolomite, minerals with theoretical
structural water in their chemical formula have magher LOI values than minerals without
theoretical structural water. For the 17 soil saa@nalyzed, the range of SWL is 5.27 g/kg to
19.91 g/kg, with an average of 11.43 g/kg (1.1439&pending on the LOI values of the soil
samples, the SWL/LOI ratios range from 0.02 to atro00, with an average of 0.34. The
SWL/LOI ratios are particularly low for top wetlasdil where there is a high OMC. The ratios
are lower for A horizon soil samples than for Bikon soil samples because of the high OMC in
A horizon soil samples. Understanding the SWL valolecommon soil minerals, their LOI
patterns at various temperatures, and the SWL rahthe soil samples from various

environments is important for the accurate evatuatif soil OMC when the LOI method is used.

Abbreviations: LOI, loss on ignition; OMC, organic matter conte®WL, structural water loss;

XRD, X-ray powder diffraction.
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INTRODUCTION

A reliable estimation of soil organic matter cortt@dMC) is required for studying
agricultural soil reactions and environmental saler pollution, as soil carbon often is the main
absorption media of ions and compounds in the tb@3cever, 1997; Smith, 2003; Brady and
Well, 2007). In addition, the accurate estimatio®MC in soils is necessary for evaluating the
carbon trapping ability of various soil environmgand the feasibility of sequestering carbon
dioxide as a method of mitigating future global marg (Frogbrook and Oliver, 2001; Lal,
2004; Davidson and Janssens, 2006; Fang et ab).200

The loss on ignition (LOI) method has been widedgdifor estimating soil OMC and
typically involves placing a weighed sample in affleufurnace at 450-550 °C for 2.5 to 4 hours
and then determining the sample’s weight loss imately upon removal (Frogbrook and
Oliver, 2001; Smith, 2003; Vos et al., 2005; Abeallad Zimmer, 2007). Relative error ranges for
the LOI method have been reported as 2% to 5%teamtitionally, the method’s ability to
determine soil OMC has been considered reliabl@D&974; Howard and Howard, 1990;
Snowball and Sandgren, 1996; Abella and Zimmer7200

While the LOI method may be appropriate for somhpées with large OMC, as often is
found in wetland soils, studies (Konen et al., 20®ith 2003) have indicated that structural
water loss (SWL) from soil minerals, particularhetclay mineralssensu latuincludes other
phyllosilicate minerals, such as chlorite and mighich are not typically included in the clay
mineral group, but are morphologically and chentycsiimilar), can cause significant errors for
upland soils where OMC usually is less than 6% .ddohately, there are no known published

studies that can reliably quantify this error. Tfere, the primary purpose of this study is to
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examine the structure water loss of common soiknails and to quantify the structural water

loss from a soil sample during the LOI process.

STRUCTURAL WATER OF COMMON SOIL MINERALS

In this study, structural water is consideredeall bonded KO molecules and OH units
in a mineral. This includes both interlayer watesl@sules held in place by polar forces between
the tetrahedral and octahedral layers (Klein anttd 2007) and OH units bonded within the
brucite- or gibbsite-like octahedral sheets ofdlay minerals. It also includes the water
molecules and OH units bonded within the structofesther minerals.

The theoretical weight percentages of structuraemfar the 15 common soil minerals
investigated here were calculated based upondkeepted chemical formulae (Klein and
Dutrow, 2008) and are given in Table |. Due topl&ential for isomorphous substitution of
elements in most of these minerals, and the reguttossible variations of molecular weights,
the actual percentage of theoretical structuraéwatay vary slightly from the values given in
Table I.

Typically, structural water does not evaporate wthensample is heated to a temperature
of 105 °C for a period of 12 hours, but is lostidgrthe much higher temperatures attained
during LOI analysis. For example, in the kaolirsteuctural formula, AlOs*2Si0O,*2H,0, the
2H,0 is considered structural water and will not ket lmy simple evaporation at slightly
elevated temperatures. The loss of structural wadten reduces the interlayer spacing and can
be observed in the shifted positions of clay mihdiffraction peaks to higher two-theta values

(lower d-spacing values) when X-ray spectra takefore and after LOI analyses are compared.
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Because all structural water is not lost during la@alysis at 550 °C and because of the
possibility of discrepancies between theoretica actual SWL, the LOI at 550 °C for common
soil minerals needs to be collected experimentalyese measured LOI values for individual
minerals will be multiplied by their modal abundaado evaluate the SWL of collected soil

samples during LOI analysis at 550 °C.

LOI Measurement of Common Soil Minerals

To determine the SWL of common soil minerals dutii@ analysis at approximately
550 °C, 15 research mineral samples were obtanoad & commercial supplier (Wards Natural
Science). In order to maximize their purity, quafetdspar, gypsum, calcite, biotite, and
muscovite samples were selected from well-formgdtafs before being crushed for the LOI
procedure. Hematite, goethite, and dolomite alsewelected from the purest observed mineral
forms provided by the supplier. For the clay mitekaolinite, vermiculite, smectite, illite, and
chlorite, guantitative XRD analyses (see procedureslater section) were conducted; their
purities averaged about 700 g/kg (70%). During 388rogen peroxide bubbling tests, no
carbon was observed to be present in the clay smmphe OMC contribution to their measured
weight loss during LOI, therefore, was considereignificant.

All 15 mineral samples were sequentially heatea muffle furnace at 200, 300, 400,
500, 550, and 600 °C for 4 hours at each temperatep after being dried in an oven at 105 °C
overnight. The samples were stored in the ovel®at’C between the heating steps from 200 to
600 °C. In order to simulate a traditional LOI hegtprocedure used in estimating soil OMC, a
separate set of the same 15 mineral samples wesdhaa single-step procedure at 550 °C for 4

hours after being dried at 105 °C overnight.
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Soil Samples Characters and Measurement of Their LD

Fourteen upland soil samples and three wetlandihgdil samples from five New Jersey
sites were collected using soil hand augers. Sawalh the prefixes DA and DB were collected
from Drexel Woods, Lawrence Township, where a slgghficial soil disturbance exists;
samples with the prefix MCP were collected froma@oded area in Mercer County Park,
Lawrence Township, where no soil disturbance exsstmples with the prefix | were collected
along the south side of Interstate 95 on the carop&sder University, Lawrence Township,
where serious soil disturbance exists; and samytesthe prefix MA were collected from a
brackish marsh near Brigantine. For this study,@amcollected at a depth less than 20 cm are
classified as A horizon and samples collectedde@h greater than 20 cm are classified as B
horizon. All upland samples were collected from #hand B soil horizons at a depth of less than
108 centimeters.

For the upland soils, particle distribution was swead using a hydrometer to
characterize texture (Table Il). Organic debris weamoved as much as possible by soaking each
sample in hydrogen peroxide before particle sejparaParticle distribution patterns will be used
in a later section to examine whether there isreet@ion between clay mineral mode, as
determined by x-ray analysis, and clay-sized parttontent in the soil samples.

Soil sample LOI was measured in the same manrfer #se common soil minerals (see
previous section). Each soil sample was dried féeast 24 hours in a vacuum oven before

being placed in a muffle furnace.
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SWL AND THE MODAL ABUNDANCE OF SOIL SAMPLES

In order to calculate the SWL of soil samples dageon their mineral modal
abundances, these latter values had to be detatmtiitiging a quantitative X-ray powder
diffraction method. The SWL, which is categorizedlae weight loss resulting from all non-
organic materials in the soil sample during LO%%0 °C, will be calculated from the summed

products of the mode and the LOI at 550 °C for gaoteral.

Quantitative XRD for Determining Mineral Modes

Quantitative X-ray powder diffraction (XRD) analgdor determining mineral modes in
rock and soil samples is a common practice (Maamar Cooke, 1987; Moore and Reynolds,
1997; Ward et al, 1999). A quantitative EXCEL maprogram, RockJock, developed by Eberl
(2003) was selected to do this. The program usemtasured peak intensities as input data and
calculates the modal abundance (in weight peradrll identified minerals using zincite as an
internal standard. The theory behind the RockJoognam was first described by Srodon et al.
(2001), with the program being made public by EK2003). The program placed third in the
2002 Reynolds Cup competition, sponsored by Thg Miaerals Society, for the most accurate
guantitative phase analysis (McCarty, 2002); it Ibesn improved significantly since that time
(Eberl, 2004). Typical program results are withito2 weight percent of actual mineral
abundance values (Eberl, 2003 and 2004). The progtso has been recommended by Mertens
et al. (2006) as “the method of choice” for the mfifecation of clay minerals in soil samples
after it was compared to the Rietveld approach &sobcademic by Coelho Software). For this

study, we utilized the RockJock6 version, dated@/2Q008.
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Following the sample preparation procedures desdridy Srodon et al. (2001) and Eberl
(2003), 2 g of each of each sample was mixed wRBDg of zincite (ZnO) and placed in a
SPEX mixer/ball mill with 5 ml of methanol addedhd mixture was shaken for 10-15 minutes
before being removed and dried in a vacuum ovea.dfted samples hardened into a durable
crust; therefore, samples first were disaggregatedmixed with a spatula, then sieved through a
180 um mesh (Standard Sieve No. 80), and finalheegtl onto glass slides with petroleum jelly.
X-ray diffraction data for the samples were cokectrom 5° to 65° two-theta using Cu K-alpha

radiation and a step-size of 0.02°.

SWL, OMC, and Modes for Minerals of Soil Samples
Once the modes of the major minerals are meastirenhitial structural water loss
(ISWL)of minerals in a soil sample can be calculatethasummation of the modal abundances

of minerals multiplied by the SWL of each individiuaineral:

ISWL=  SWL

n

“ Weight Percent, o,a 1)

Mineral

Weight Percentineral IS the weight percent of a mineral measured ioilesample by the
RockJock progranSWLlminera IS the SWL of that mineral; andis the total number of minerals
measured in a soil sample.

The normalized modal abundances of soil mineralsat include OMC; hence, th8WL
from (1) needs to be corrected for the presencegsnic matter. If it is assumed that an LOI
result is the zero order estimation of OMC in tbi, shen1-LOI will be the first order
estimation of total mineral content in a soil saeflhe first order SWL corrected for organic
content matter will bé1-LOI)*ISWL, wherelSWLis taken from equation (10.OI-(1-

LON*ISWL then will be the correctefirst order OMC in the soil. With the same reasgnilx
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(LOI-(1-LON*ISWL) will be the second order mineral content (in weiggrcent), and the
second order corrected SWll be:
SWL = (1-(LOI-(1-LOI)*ISWL))*ISWL 2)
The third order correction would follow the samasening as the first and the second
order corrections. However, because third ordaresafor SWL would change by less than 0.1%
for the natural soil samples, a third order corogcts not considered necessary.
The percentage of OMC of the soil will be the diéiece between LOI and SWL once

SWL is calculated from (2).

RESULTS
LOI Results of 15 Common Soil Minerals

LOI results for the 15 common soil minerals utiigiboth heating procedures are
reported in Table Ill. Comparing the theoreticdues of structural water (SW) of these minerals
with SW in their chemical formula, it becomes cléeat the measured LOI values for these
minerals are all smaller than their theoretical #8Mies. This indicates that only a portion of the
theoretical water was lost during the LOI procdtsalso appears that the weight loss pattern of
all minerals during the cumulative LOI measuremstérgely gradual and can occur at any
temperature level. Except for gypsum, the losgroictural water occurs predominantly in the
400-600 °C range.

Overall, the LOI values for clay minerals are larthean those for non-clay minerals.
Gypsum, goethite, and dolomite are the only nog-olanerals measured that have relatively
high LOI values. Gypsum loses a portion of its cineal water at 105 °C and continues to do so

from 200 to 600 °C, even after its original crystairphology is destroyed. However, for



187 dolomite, its significant LOI (20.24 g/kg or 2.024%ay not be due to the loss of structural
188 water since there is none in its theoretical foan({dlable 1). Stantisteban et al. (2004) suggested
189 this level of LOI below 550 °C for dolomite was digethe breaking off of inorganic carbon
190 from the dolomite crystalline structure. In additi@ small amount of weight loss, <2 g/kg (or
191 <0.2%), was recorded during LOI analysis at 550diQuartz and feldspar. This small LOI for
192 quartz and feldspar is consistent with the datanted by Tazaki et al. (1992), where LOI for
193 feldspar was <0.4% and <0.1% for quartz. A small W@ight loss of 1.34 g/kg (or 0.134%) at
194 550 °C also was recorded for calcite, indicatirag there is little, if any, inorganic carbon

195 Dbreaking off the calcite structure. This is similathe findings of Heiri et al. (2001) and Dean
196 (1974) of “no significant LOI for calcite.”

197

198 LOI Result of Soil Samples

199 Table IV gives the LOI values for collected soitgaes, utilizing both heating

200 procedures. The LOI results from 200 to 400 °Craoee or less irregular, with significant

201 weight loss for all samples starting at 500 °C. samnples with large LOI (and apparently large
202 quantities of OMC), such as MA80-100, MAO-19, and19, LOI results are relatively stable
203 from 500 °C to 600 °C. This finding is consistenthathat of previous studies (Konen et al,
204 2002; Jankauskas et al., 2006; Abella and Zimn@37® In addition, the overall LOI values for
205 A horizon samples are larger than those for B loorigamples.

206

207 Results for Mineral Modal Abundances, SWL, and OMC

208 Overall, the RockJock program’s calculated spgmtoaluced a fairly good match to the

209 measured XRD spectra for all the samples (Figur&li¢ modal abundance of soil minerals
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shows that the most abundant non-clay mineral gnotipese soil samples is the Sigroup,
which includes quartz and feldspar (Table V). Thesespecies regularly constitute more than
50% of the total mineral content in the 17 soil ptas. Other less abundant, non-clay mineral
species include iron oxides and hydroxides, cartasnand salts. Clay minerate(su laty
constitute approximately 17 to 54% of the total enals in the 17 soil samples. Identified clay
minerals include the tetrahedral-octahedral (Ty@gt kaolinite, and the tetrahedral-octahedral-
tetrahedral (T-O-T) types, smectite, illite, chteriand mica group. In general, more K-feldspar
than Na, Ca-feldspar is found in the soil samplégre also are no statistically significant linear
relationships between mineral abundances and sadepta. However, the data indicate clay
mineral abundances generally are greater in Bheoizons (depth >20 cm) than in A soil
horizons (depth <20cm; Figure 2).

The LOI, SWL, OMC, and SWL/LOI ratios for each ssdlmple at 550 °C are given in
Table VI.The SWL of the 17 soil samples collected in thiglgtrange from 5.27 g/kg to 19.91
g/kg with an average of 11.43 g/kg (1.143%). TheLAWDI ratios range from 0.02 to almost
1.00, with an average of 0.34, depending on theuswtnaf OMC in the soil samples. For the two
top wetland hydric soil samples, which have langmants of OMC, the SWL/LOI ratios are less
than 0.1. Also, the SWL/LOI ratios for A horizonilssamples (<20 cm depth) are smaller than

those for B horizon soil samples (20 cm to 108 @pthl).

DISCUSSION
From the results given in the previous sectiomiareral LOI (Table 1ll) and calculated
SWL (Table V1), it is clear that soil SWL represewnly a small percentage of the soil mass,

varing from 5.27 g/kg to 19.91 g/kg, with an awysaf 11.43 g/kg (or 1.143%). In addition, soil

10



233 sample SWL depends only on the types and modaldamoes of the minerals each sample
234 contains. Therefore, the calculated SWL/LOI ratailargely depend on the LOI value for a
235 given soil sample (Table VI).

236 Based upon the LOI data from Table 1ll, efforts &arade to use the quantitative XRD
237 mineral modal abundance reported by Ruffell and3hite (2004) to calculate the SWL and
238 SWL/LOI values for their soil samples. For the 8fgoil samples (most likely A horizon)

239 collected from various locations by Ruffell and Wfiire (2004), their SWL ranged from 4.2
240 g/kgto 35.7 g/kg with an average of 14.7 g/kgX@7%). This range and average SWL value
241 are comparable to the SWL values from samplesisnpitesent study. However, Ruffell and
242  Wiltshire’s (2004) samples have a higher averagévalue of 98 g/kg (or 9.8%) than the

243 average LOI of 66.7 g/kg (or 6.67%) for samples snead in this study, although Ruffell and
244  Wilshire (2004) used slightly different temperatgteps and heating durations.

245 The SWL/LOI versus LOI plot (Figure 3) clearly shothat SWL/LOI is mainly a

246 function of LOI, as indicated by the best-fit poviend line and the Rvalue of the power

247 equation. Therefore, the larger the OMC value Jdhger the LOI value, and the less need for
248 SWL correction in the estimation of OMC. Overdiletgeneral characteristics of clay minerals,
249 the distribution of OMC with the depth, and SWL/Lf@tios in different soil horizons lead to the
250 conclusion that correcting for SWL when estimat®gC by the LOI method is more important
251 for B soil horizon samples than for the A soil zom samples.

252 Efforts also were made as part of this presentystu@stablish a relationship between
253 clay mineral mode, as determined by X-ray analysis, clay-sized particle content in the soil
254 samples to approximate SWL during LOI analysis. Ewer, the linear correlation coefficient

255 Dbetween clay particle content and clay mineral made only 0.09 with a t-test value of 0.33.

11
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Furthermore, the correlation coefficient betwedtasszed particle content and clay mineral
mode was only 0.003 with a t-test value of 0.00%r€&fore, there are no statistically significant
correlations between particle size and clay mineadle (Table II).

Additional analyses were made to estimate theG®IC by soaking soil samples with a
300 g/kg hydrogen peroxide solution, as suggesydddore and Reynolds (1997). However,
after soaking samples for approximately 48 houdsthen heating between 50 °C and 100 °C,
OMC losses of less than 100 g/kg were measureallfér soil horizon samples. This result
suggests that hydrogen peroxide oxidation is nafgattive means for estimating soil OMC

when its value is relatively high.

SUMMARY AND CONCLUSIONS

The LOI values for 15 common soil minerals weresdeined at 550 °C and at
temperature steps from 105 °C to 600 °C. The SWhise minerals occurred at almost all
temperature levels. The LOI for clay minerals, cuwenly to their abundant structural water, is
more significant than that for the non-clay minsr&eventeen soil samples collected from
different environment settings were used to eval®WL during LOI analysis. Soil sample
mineral modes were obtained from X-ray powder ddfron and the RockJock program. The
summed products of the modal abundance for eatmgweral and corresponding LOI value
were computed to obtain the total SWL of a soil gimThe calculated SWL for the soll
samples ranged from 5.27 g/kg to 19.91 g/kg witlavzerage of 11.43 g/kg (1.143%). The
SWL/LOI ratios largely varied with the LOI valuekthe samples, ranging from 0.02 to close to
1, with an average of 0.34. The ratio was relagiwgehaller for wetland soil and A horizon soil,

most likely due to the large amount of the OMChade environments.
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Figure Captions

Figure 1. Full pattern fit of calculated spectrummni RockJock vs. measured XRD spectrum of
sample DB72-82.
Figure 2. Depth profiles of mineral abundance far four non-marsh soll sites

Figure 3. SWL/LOI ratio vs LOI plot and the powétihg equations of the two sets of ratio data.
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Table I. Theoretical structural water of commorl sanerals calculated based upon their

chemical formula.

Theoretical H,O
Mineral Names Chemical Formula g/kg
Chilorite (Mg,Fe)s(Si,Al),010(0OH),-(Mg,Fe)s(OH)g 203.5
llite (K,H30)(Al,Mg,Fe),(Si,Al);01,[(OH),,(H,0)] 120.3
Kaolinite Al,Si,O5(0OH), 139.6
Smectite (Na,Ca)Aly(Si,Al)gO2(0OH)4-2(H,0) 91.9
Vermiculite (Mg,Fe™™ Al)3(Al,Si)4010(0OH),-4(H,0) 178.7
Biotite K(Mg,Fe++)AlSizO(F,OH) 36.4
Muscovite KAl »(SizAl)O1¢(OH,F) 40.7
Gypsum CaS0,-2(H,0) 209.3
Goethite FeO(OH) 101.4
Calcite CaCQg 0.0
Dolomite CaMg(CQ), 0.0
Hematite Fe,O4 0.0
K-Feldspar KAISi3Og 0.0
Na,Ca-Feldspar | (Na, Ca)(Si,Al)Og 0.0
Quartz Sio, 0.0
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Table II. Sand, silt, and clay particle size aburwaa(g/kg) obtained by the hydrometer
separation method.

Sample ID Sand Silt Clay
DAO0-19 626.7  200.0 173.3
DA41-47 776.6 57.4 166.0
DA65-70 561.0 289.5 149.5
DA92-94 776.5  105.9 117.6
DB01-19.5 500.0 320.5 179.5
DRB30-45 417.7 303.8 278.5
DB72-82 595.2 2143 190.5
DB105-118 558.1 272.1 169.8
| 8-13.5 709.5 122.1 168.4
127-32 630.4 87.0 282.6
132-36 704.5 45.5 250.0
Mcp0-15 441.6  402.6 155.8
Mcp30-45 361.0 590.2 48.8

Mcp45-60 350.6 568.8 80.5
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Table Ill. Measured weight loss (g/kg) at 550 @it column) and cumulative weight loss

(g/kg) of common soil minerals heated sequenti@mliythe temperature range 200-600 C in a

muffle furnace after the samples were dried at @0&vernight.

Weight Weight
loss from | loss from Cumulative weight loss from 105 C (g/kg)
105 Cto 24T to
550 T 105
Name\Temp (g/kg) (g/kg) 200C 300C  400C 500€C 550C 600<C

Chlorite 12.09 1.38 0.00 0.00 1.00 5.10 10.05 20.10
llite 19.80 5.75 6.95 10.99 17.28 33.85 47.45 55.06
Kaolinite 124.73 7.70 0.60 2.97 5.91 72.92 143.14 149.29
Smectite 16.90 8.77 5.60 10.27 13.75 18.74 22.09 37.12
Vermiculite 57.49 16.88 11.85 18.96 29.09 33.40 34.48 36.63

Biotite 4.58 2.39 1.59 1.39 1.60 1.84 1.85 1.85

Muscovite 5.09 1.80 5.91 6.65 10.95 6.62 6.67 6.71
Gypsum 158.35 63.45 90.72 92.66 94.09 93.05 102.75 102.95
Goethite 24.54 1.24 0.47 3.77 6.22 16.57 20.79 30.67
Dolomite 20.24 3.63 1.18 3.45 6.12 12.40 12.80 13.78

Calcite 1.34 0.83 0.59 1.70 2.51 231 2.78 3.46

Hematite 1.66 0.48 0.60 0.73 1.12 1.49 1.34 1.52

K-Feldspar 1.36 0.66 0.28 1.68 2.37 2.54 2.55 2.56

Na,Ca-Feldspar 0.78 0.18 2.53 1.97 2.27 2.98 3.00 3.00

Quartz 1.21 0.67 0.17 0.70 1.56 1.73 1.74 1.74
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Table IV. LOI (g/kg) at 550 C and cumulative LQJ/kg) at the temperature range 200-600 C

for natural soil samples heated in a muffle furnace

LOI at Cumulative LOI from 105 < (g/kg)

550 °C
Sample\Temp | (g/kg) 200°C 300°C 400 °C 500 °C 550 °C 600 °Q
DAO0-19 36.14 0.00 40.54 54.05 67.57 67.57 67.57
DA41-47 32.61 0.00 0.00 10.64 10.64 10.64 21.28
DA65-70 35.29 0.00 0.00 12.35 37.04 37.04 37.04
DA92-94 59.52 0.00 0.00 11.63 23.26 23.26 23.26
DB0-19.5 64.94 0.00 0.00 25.64 38.46 38.46 38|46
DB30-45 24.39 0.00 12.66 12.66 25.32 25.32 25.32
DB72-82 24.10 11.90 11.90 11.90 11.90 23.81 23.81
DB105-108 23.81 0.00 0.00 11.49 11.49 11.49 22|99
18-13.5 21.05 8.62 8.62 8.62 17.24 17.24 17.24
127-32 40.82 26.32 26.32 26.32 52.63 52.63 65.79
132-36 32.97 0.00 0.00 0.00 22.99 34.48 45,98
MCPO0-15 35.71 12.99 12.99 12.99 25.97 38.96 38.96
MCP30-45 37.97 24.39 24.39 24.39 36.59 48.78 48.89
MCP45-60 61.73 12.99 12.99 38.96 51.95 51.95 51.95
MAO-19 423.38 47.62 214.29 261.90 285.71 285.71 .5D9
MA80-100 167.11 20.62 41.24 61.86 72.16 82.47 82.47
MA300 13.00 0.00 20.62 41.24 41.24 41.24 1.24
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Table V. Mineral modes (g/kg) of soil samples

Quartz IIgeldspar E;,dcs?)ar Calcite Dolomite Gypsum Hematite Goethite Kaolinite Smectite lllite  Biotite Chlorite Muscovite
DAO0-19 701.0 445 29.4 3.0 0.0 9.7 4.5 7.0 40.4 50.1 26.8 10.9 34.3 10.2
DA41-47 686.6 74.7 0.0 0.0 0.0 0.0 1.6 15.6 54.9 74.7 19.7 6.6 28.2 15.0
DAG61-67 491.0 56.4 0.0 0.1 6.4 0.0 0.0 16.8 98.6 152.4 66.0 15.8 45.9 32.6
DA91-105 531.0 53.4 43.2 0.0 0.0 5.3 0.0 60.3 20.9 90.2 82.9 22.5 29.8 9.5
DB0-19 636.0 30.0 46.4 0.0 4.0 0.0 2.0 15.1 10.3 68.6 39.3 18.8 44.7 23.8
DB30-45 590.6 34.7 30.2 0.0 14 0.0 5.6 16.5 25.0 108.2 54.0 26.1 66.3 21.2
DB72-82 629.2 42.3 44.9 0.0 0.0 8.0 0.0 8.5 24.2 124.4 28.9 30.1 37.9 6.0
DB105-108 | 598.8 56.4 29.3 0.0 15 0.5 7.2 7.1 27.9 100.0 62.5 33.6 42.0 15.0
18-19.5 564.5 32.2 8.4 0.0 3.6 13.1 0.6 12.3 56.7 105.3 34.1 46.5 70.5 38.9
127-32 590.7 37.4 0.0 0.0 0.1 0.0 0.1 22.7 96.0 131.9 74.2 5.6 17.5 0.0
132-36 397.1 56.7 0.0 0.0 4.9 5.7 4.0 27.7 98.3 204.6 27.5 28.5 88.3 41.1
MCPO0-15 588.7 54.0 113.1 0.0 4.8 3.5 2.0 1.2 17.4 129.3 7.1 7.4 25.6 16.8
MCP30-45 | 426.3 36.1 132.5 0.0 13 0.0 6.0 17.6 38.4 176.2 51.8 10.1 45.2 28.8
MCP40-50 | 375.2 93.3 101.0 0.0 1.2 3.8 0.0 29.2 53.9 181.9 0.6 26.1 35.5 47.9
MAO-19 60.1 134.8 34.6 0.0 17 8.2 0.0 9.3 32.4 137.2 40.2 34.0 475 44.4
MAB80-100 108.7 193.6 48.4 0.0 0.0 15.9 5.7 12.1 30.0 215.9 34.3 57.6 78.4 38.0
MA300 127.3 226.3 56.1 0.0 0.0 19.0 6.4 15.7 32.3 237.8 28.6 75.7 101.7 64.1

Note: DA: Drexel Woods site A; DB: Drexel WoodsesB; I: Near highway 1-95 disturbed soil site; MQWercer County Park undisturbed soil site. MA: Mars

soil site in southern NJ. Sample numbers listegr &fite identification letters give the sample tidpterval in centimeters.
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Table V. SWL, SLW/LOI and OM ratios of 17 soil saep

LOI SWL oMC SWL/LOI
DAO-19 36.14 9.58 26.56 0.27
DA41-47 32.61 10.26 22.34 0.31
DA61-67 35.29 18.18 17.11 0.52

DA91-105 59.52 9.36 50.17 0.16

DBO-19 64.94 5.27 59.66 0.08
DB30-45 24.39 8.27 16.12 0.34
DB72-82 24.10 8.65 15.45 0.36

DB105-108 23.81 8.27 15.54 0.35

18-19.5 21.05 13.98 7.08 0.66
127-32 40.82 17.23 23.59 0.42
132-36 32.97 19.91 13.06 0.60

MCPO0-15 35.71 6.48 29.23 0.18
MCP30-45 37.97 10.67 27.30 0.28
MCP40-50 61.73 12.60 49.13 0.20

MAO-19 423.38 9.94 413.44 0.02
MA80-100 167.11 12.74 154.37 0.08
MA300 13.00 14.45 0.00 1.00
Average 66.74 11.52 55.31 0.34

Note: SWL, Structural Water Loss; LOI, Loss on tgm; OM, Organic Matter; SWL/LOI, ratio
of SWL to LOI. A soil horizon samples are from gtleof less than 20 cm. All deeper samples are

considered from the B soil horizon.
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Figure 2.
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Figure 3.
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