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ABSTRACT 

A comparative stu<!y of two soil profiles derived from a biotite-granite and from 
a Illctagabhro in thc Piedmont Provincc of North Carolina was made. Intensive 
weathering of the granite has yielded a soil (Durhalll) with a c1ay fraction composed 
of a kaolinite-halloysite interlllediate, mica, and quartz. Restricted weathering of the 
rnetagabhro has resulted in a soil (I redeB) with a c1ay fraction composed of a 
complex assemhlage of chlorite, beidellite, vermiculite, interlayered talc-like minerals, 
al1(! quartz. 

Thc data indicate that the Durharn soil is deriyed from the severe alteration of a 
granite and that it represents an advanced stage in soi! formation. The IredeB soil 
has been derivcd f rom the less active weathering of a metagabbro and represents a 
retarded, youthful stage in soil formation. The clay mineral assemblage of the 
Durham is that of a comparative!y stable end product of weathering; that of the 
1 redel! is indicative of a complex, unstable early stage in weathering. 

INTRODUCTION 

The Piedmont Province in North Carolina is g-eologically old with a 
mature physiography. Yet, the soils in this arca are markedly different in 
appearance ami properties. The basic source of distinction appears to lie 
in the parent rock. 

The paper presents a study of the weathering- products that have been 
derived hüm twü different lithülagies. The object was to compare the 
mineralogie ehanges in the weathering of a sialie versus a mafie rock. Two 
soils that are residual from Paleozoic rocks in the southem Piedmont 
Province were selected for this purpose: the Durham ham a granite and 
the IredelI from a metagabbro. 
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184 SECOND NATIONAL CONFERENCE ON CLAYS AND CLAY MINERALS 

SOlLS AND PROCEDURES 

The Durham soil is a representative member of the Red-Yellow Podzolic 
soil group. It oc:c:urs on nearly level to gently ro\ling upland. External 
and internal drainage are good and the native vegetation is mixed hardwood 
ancl short-Ieaf pine. The parent rock of thc Durham profile studied is a 
medium-grained biotite-granite consisting c:hießy of orthodase, quartz, 
and biotite. The Irede\l soil is considered a Plano sol (Argipan) and is 
found on level to very gentil' slopes. External and internal drainage are 
poor and the native vegetation is blackjack oak. The parent rock in thc 
present study is a very fine-grained metagabbro c:omposed of epidote, 
zoisite, and augite, with minor amounts of plagiodase and chlorite. 
Whereas the Durham soil is moderately erodible and of high agricultural 
value, the !rede\l soil is very susc:eptible to erosion and is considered to be 
best utilized for pasture. 

The sampling sites for the two soils are in the vicinity of Raleigh, 
N orth Carolina. The procedure described by J effries and J ackson (1949) 
was followed in thc laboratory treatment of the soils. Examination of the 
partides finer than 43,« was carried out mainly by mcans of x-ray diffrac­
tion, using filtercd copper radiation with Geiger counter recorder. In 
addition, differential thermal analyses were made of the day «2,«). 
Differential ca ti on treatment, glycerol solvation, and heat were al! used 
with x-ray diffraction to aid in distinguishing the several minerals 
(W:,.lker, 1949). 

RESUL TS AND DISCUSSION 

The data in Table 1 indicate the concentration of day and free iron 
oxide in the B horizons of both soils. Thc pR of the Durham surface 
laycr is unexpectedly high in view of the fact that the area was in brush 
and apparently had never been cultivated. The high percentage of fine Glay 
( < 0.8,«) in both profiles is significant. As a Red-Ye\low Podzolic soil, 
the Durham may be expected to have developed after severe alteration of 
the parent granite, and the amount of fine day in the profile is probably 

T ABLE 1. - P ARTICLE SIZE DISTRIBUTION. 

Horizon Size distribution in rum \I'ercent bX weis:ht2 
and Sand Silt Clay Total 

depth of Percent Percent Medium Fine Very Coarse Clay 
sam pie Free Organic 1.0· .074· Fine .020· .002· Fine 

(Inches) pH F.,03 Matter .074 .043 .043·.020 .002 .0008 <.0008 <.002 

DURHAM SOlL 
A 0-12 6.4 0.7 2.6 63.1 6.1 5.8 16.3 4.35 0.65 5.0 
B 12-35 5.2 2.6 0.3 32.6 7.9 3.4 18.6 4.5 30.0 34.5 
C 35+ 4.9 0.7 0.04 41.9 8.1 7.6 27.7 1.3 12.6 13.9 

IREDELL SOlL 
A 0-5 5.8 1.4 1.1 44.3 13.6 12.0 18.8 1.9 6.7 8.6 
B21 5-8 5.5 3.4 0.44 14.5 4.1 1.5 13.8 3.1 59.l 62.2 
B22 8-32 5.5 3.8 0.44 19.1 2.5 1.0 12.3 3.0 57.7 60.7 
C 32-45 6.2 1.9 0.23 26.3 8.7 4.8 20.4 4.1 33.4 37.5 
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the result of such weathering. The IredelI, on the other hand, belongs to 
the Planosol group within which weathering is presumed to be restricted. 
The high percentage of fine day in the IredelI profile is related to the 
original fine-grained texture of thc parent metagabbro ; weathering has 
merely produced a finer-grained soi!. The overall fineness of the texture 
of thc IredelI soil, combined with a podzolic environment, has resulted in 
a soil of low permeability. 

The mineral composition of the \'cry fine sand fractions is shown m 
Table 2. Quartz, mica, and feldspar are prominent in both profiles. A 
member of the kaolin group, intermediate between kaolinite and halloysite, 
occurs in the Durham A ami B horizons. A 7 A chlorite and a talc-like 
mineral are present in the IredelI profile. 

The da ta in Table 3 indicate the differences in mineral composition of 
the silt fractions. Quartz has a similar distribution in the Durham and 
IredelI profiles, starting with a trace in the C horizons and becoming 
strong at the surface. Kaolin intermediate and a 10 A mica are prominent 

T ABLE 2. - X-RAY DIFFRACTION DATA: 0.043-.020 mm SIZE SEPARATES. 
Prominent spacings (d) ;md relative intensities (l). 

"d" in A Horizons and depths of sampling 

11.48 
10.65 
10.04 
8.58 
7.25 
4.44 
4.25 
3.54 
3.35 
3.19 

10.04 
9.61 
9.21 
8.34 
7.37 
4.25 
3.72 
3.35 
3.18 

A 0-12 
inches 

I 

10 
6 
6 
6 

10 
5 

10+ 
7 

A 0-5 
inches 

I 
) 
) 3vb 
) 

10 
1 

10+ 
5 

vb - very broad 
dbl-double 

DURHAM SOlL 
B 12-35 C 35+ 
inches inches 

I I 
3 
4 

10 4 
5 6 

10 
10 
10 10 
10 
10+ 10+ 
7 7 

IREDELL SOlL 
B21 5-8 B22 8-32 C 32-45 
inches inches inches 

I I I 
7 6 5 
7 
7 7 
7 7 6 
7 6 6 

10 10 4 
7 7 6dbl 

10+ 10+ 10+ 
9 10+ 10+ 

Mineral 

mica intermediate 
mica intermediate 
mlca 

? 
kaolin 
mlca 
quartz 
kaolin 
quartz. mica 
feldspar 

mlca 
tale ? 
tale ? 
epidote ? 
chlorite 
quartz 
chlorite 
quartz, mica 
feldspar 
(plagioclase) 
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TABLE 3. - X-RAY DIFFRACTION DATA: .020-.002 mm SIZE SEPARATES. 

Prominent spacings (d) ami relative intensities (l) with different solvations.1 

"cl" in A 

14.03 
12.1\ 
10.78 
9.9 
7.25 
4.25 
3.71 
3.57 

14.25 

11.48 
9.61 
7.3 
4.25 
3.6 

3.56 

Horizons and depths of sampling 

lJURHAM SOlL 
A 0-12 in B 12-35 in C 35 in+ 

Mg Li Mg Li Mg Li 
I 

4 3 2 6 
5 

5 
7 7 4 6 10+ 10 
8 8 10 10 10 5 

10 10 5 4 3 1 
4 4 
6 4 9 7 7 3 

/REDELL SOlL 
A 0-5 in B21 5-8 in B22 8-32 in C 32-45 in 
Mg Li Mg Li Mg Li Mg Li 

I I I I 
2 10+ 5 10+ 8 

4 10+ 10 5 10+ 
3 4 8 
6 4 9 10 5 10 10 10+ 

10 10 7 7 7 9 3 
4 6 6 

5 5 6 6 

1 Mg-IN Mg acetate in H2Ü Li-IN Li chloride in H2Ü 

Mineral 

vermiculite 
mlca intermediate 
mica intermediate 
nuca 
kaolin 
quartz 
vermiculite, kaolin 
kaolin, vermiculite 

chlorite, 
vermiculite 
mica intermediate 
tale ? 
chlorite 
quartz 
chlorite, 
vermiculite 
chlorite, 
vermiculite 

in the Durham. Also present in the Durham profile are weathered forms of 
mica, including a vermiculitic mineral. Only the prominent reflections 
were tabulated but the x-ray pattern from the Durham silt fraction was 
sharp and clear in contrast to the diffuse pattern obtained from the 
IredelI silt. The complexity of the IredelI mineralogy becomes apparent 
in this table. A 7 Achlorite, similar to halloysite in x-ray characteristics, 
is prominent in the profile. Differential thermal analyses, to be described 
later, aided in this ·distinction. Differential cation treatments indicate that 
the Durham silt contains hydrated forms of mica, whereas the hedell silt 
in composed of a complex arrangement of hydrated, interlayered talc-like 
minerals. 

The silt sampies were heated at 600°C for two hours in an effort to 
distinguish the kaolin from the chlorite minerals (Brindley and Robinson, 
1951, p. 188). However, instead of reinforcing the chlorite reflections and 
removing those of the kaolin, the heat treatment destroyed both. This 
indicates that the soil chlorite present in thc Ircdcll is unstablc and unlike 
thc mincralogical specimens prcviously describcd in thc literature. 
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TABLE 4. - X-RAY DIFFRACTION DATA: <.002 mm SIZE SEPARATES. 

Prominent spacings (d) and relative intensities (I) with different solvations.1 

"d" in A Horizons and depths of sampling Mineral 

AO-12in 
Ca Li 

13.8 7 
10.04 4 10 
7.19 10 9 
4.25 4 
3.57 10 6 

A 0-5 zn B2l 
Ca Li Ca 

I 
17.0 7 
13.8 10 7 

12.6 10 
11.95 
9.21 8 8 
7.25 8 8 10+ 
4.25 8 7 5 
3.63 5 8 

3.57 6 7 10 

DURHAM SOlL 
B 12-35 in 
Ca Li 

I 
1 
1 2 

10 10 
2 

10 6 
IREDF.Ll. SOlL 

5-8 in B22 8-32 in 
Li Ca Li 

I I 
4 2 2 

2 

8 4 7 
6 

10 10 10 
3 

7 

10 7 10 

C 35 in + 
Ca Li 

I 
3 vermiculite 
9 10 mlca 

10+ 10 kaolin 
quartz 

10 6 kaolin 

C 32-45 in 
Ca Li 

I 
8 4 beidellite 
4 chlorite, 

vermiculite 
mica intermediate 

6 10 mica intermediate 
7 taIe ? 

10 10 chlorite 
quartz 

10 vermiculite, 
chlorite 

9 10 vermiculite, 
chlorite 

1 Ca - IN Ca acetate in glycerine Li - IN Li chloride in H20 

The mineralogy of the day fractions «2p.) is shown in Table 4. Again, 
the x-ray patterns for the Durham were dear with sharp peaks in contrast 
to the diffuse pattern for the IredelI. The data indicate that the Durharn 
soil day is a comparatively simple assemblage of a kaolin mineral and 
mica with trace amounts of quartz and weathered mica (venniculite). 
The IredelI soil day, on the other hand, is characterized by the complexity 
of the mineral composition. The mixed-Iayer nature of this assemblage is 
indicated by the presence of reflections greater than 9.6 A, and absence 
of 10 Amica. The IredelI day fraction is composed of a montmorillonoid 
(beidellite), chlorite, vermiculite, and a mixture of talc-like interlayered 
minerals. Quartz is present in trace amounts. Heating the day fractions 
of both soils at 600°C for two hours yielded the same results as with the 
silts. All 7 A reflections were destroyed. 

Further investigation of the day fraction was made by studying the 
mineral composition of the coarse (2-0.8p.) and fine «0.8p.) days with 
the x-ray spectrometer. In the Durham soil, quartz is restricted to the 
coarse day whereas the kaolin and mica are equally divided between the two 
sizes. Surprisingly, in the IredelI soil, the beidellite is restricted to the 
coarse day whereas the chlorite is prominent in the fine. Quartz appears 
only in the coarse day, along with the beidellite. 
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DIFFERENTIAL THERMAL ANALYSES* 

The day fractions from thc two soils were studied by means of differen­
tial thermal apparatus. Examination of the thermograms indicates that 
the Durham day is composed of a kaolin mineral intermediate between 
kaolinite and halloysite along with amorphous iron oxides and trace 
amounts of quartz. The kaolin mineral produced the characteristic endo­
thermic rcaction below 600°C and the accompanying exothcrmic reaction 
at 950°C. Thc mica mineral, easily distinguished by x-ray diffraction, was 
not recognizable by this thermal techniquc, its rcactions probably being 
masked by those of kaolin. 

Study of thc thermograms of the Iredell day indicates the presence of 
beidellite, chlorite, and amorphous iron oxides. The vermiculitic and talc­
like minerals, indicated by x-ray diffraction, are not discernible on the 
thermog-ram. The absence of thc characteristic kaolin exothermic reaction 
at 950°C indicates that the 7 A niineral is probably a member of the 
chlorite family and not a kaolin. Chlorites with weak 14 Arefleetions have 
been previously reported, espeeially those rich in iron (Brindley and 
Robinson, 1951, p. 187). The Iredell soil chlorite is probably either rich 
in iron or a mcmber of the 7 A antigorite group. 

CONCLUSIONS 

Previous studies of weathering of rocks in the Piedmont province of 
N orth Carolina have been made. Cady (1950) studied the mineralogy of 
an Iredell profile that had developed from the weathering of a metagabbro. 
He reported that the principal mineral in the day fraction was halloysite 
along with a !ittle goethite, chlorite, and montmorillonite. The contrast 
between his results and the author's may be attributed to the difference in 
mineral composition of the parent rocks. Cady reported a dominance of 
green hornblende and plagiodase feldspar (labradorite) in the parent rock 
of the soil profile that he studied, whereas an epidote complex is dominant 
in the parent rock of the IredelI in the present paper. Ross and Hendricks 
(1945) reported that Iredell soils, formed from the weathering of diabase 
intrusives in the Triassic basins of North Carolina, contained days that 
are predominantly of the montmorillonite type. It is of interest to note 
that Ross and Hendricks doubted the possibility of montmorillonite de­
velopment from epidote. The restricted day-mineral development in the 
present IredelI profile may be thc result of the dominance of epidote in 
the parent rock. 

Sand (1952) conduded that halloysite in residual kaolins in the southern 
Appalachian region forms from the intense weathering of feldspar and 
that subsequent alteration leads to kaolinite. This is in accord with the 
results of the present study. The parent rock of the Durharn is dominantly 

* M. C. King, Petrographie Laboratory, U. S. Bureau of Reclamation, Denver, 
Colorado, made the thermal analyses. 
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orthoclasc amI has been intcnscly weathered. Thc day mineral formed is a 
k;tolinite-halloysitc intermediate. 

Grim (1953) has statrd that thc composition and texture of the parent 
rocks are important in initial stages of \\Tathering but that their importance 
decreases as the duration of weathering increases. Thc cOIuposition and 
texture of the granite underlying the Durham werc susceptib1e to rapid 
weatherillg ancl, in aecord with the prineiplc in Grim's statement, their 
importance decreaseel rapidly. Thc aphanitic texture of the metagabbro 
underlying the IredelI combined with the basic mineral composition to 
prodHce a finer-grained soil of low permeability. VV cathering has been 
restricted by the lack of acti\'(~ 1eaching, am! the effect of texture and 
composition is therefore still important. It is difficult to believe that the 
poor interna I drainage in the present IredelI profile may be attributed in 
large part to the mineralogy of the day fraction. Rather, it appears that 
the texture of the B horizon with its high content of fine day is sufficient 
to impede percolation. 

The need for corroborative procedures in day mineralogy has been 
recognized. The present study brings out forcibly the dangers inherent 
in the rcliance on a single method of diagnosis. Thc 7 A mineral in the 
IredelI profile scemed to bc a member of the kaolin group on the basis of 
its x-ray diffraction properties until differential thermal analysis exduded 
this possibility. 

The ficlel work for this report was clone in thc summer of 1952. The 
samplcs were examined and this report prepared in the laboratory of the 
Geologieal Survey at Colorado A & M College at Fort Collins, Colorado. 
The work incident to this investigation was carried out under the general 
direction of R. W. Davenport, Chief, Technical Coordination Branch, 
U. S. Geologieal Survey. 
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