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Abstract-The composition of clay mineral suites derived from Triassic argillite and shale were 
compared with those of the consolidated parent sediments. Lockatong argillite, near the weathered 
zone, is composed mainly of illite, chlorite, and feldspar. In the clay horizon immediately above it, 
illite replaces the feldspar and kaolinite increases with distance from the contact until, near the top of 
the weathered zone, it is almost the only clay mineral present. A similar study was carried out on 
Brunswick shale. Here the parent rock consists mainly of illite, and some kaolinite, montmorrilonite, 
quartz, and feldspar. The kaolinite increases gradually as one progresses upward through the weathered 
zone, montmorillonite decreases, but approximately 30 per cent illite is still found in the top layers. 
Chlorite in the argillite near the weathered zone is randomly oriented while illite shows strong pre- 
ferred orientation, probably indicating that chlorite formed in place during weathering, lllite in the 
Brunswick shale shows strong preferred orientation. 

These two Triassic sediments are less than 5 miles apart and one may assume that they had a similar 
post-depositional environment. The difference in diagenetic development is striking and must be 
attributed mainly to the chemical composition and lithology of the parent sediment. 

The orientation of clay particles in the solid rock was studied with the aid of an X-ray diffraction 
technique based on the analysis of cylindrical samples. Three-dimensional intensity data thus obtained 
were presented by vectors whose ends form a surface which is characteristic of the orientation of 
the particles. Generally the vectors generate hemispherical normal distributions whose principal 
vector coincides with the normal to the bedding plane. 

INTRODUCTION 
RESIDUAL clays derived from Triassic argillites 
and shales of New Jersey show noteworthy differ- 
ences in their weathering characteristics. The 
residual clays that were studied developed on the 
surface of the Triassic age sediments, before the 
deposition of the overlying Raritan formation 
(Cretaceous). 

A number of recent papers deal with the weather- 
ing and diagenesis of clay minerals. The weathering 
mechanisms of some sedimentary rocks are dis- 
cussed in an excellent monograph by Keller (1962). 
Fanning and Jackson (1962) have studied the altera- 
tion and weathering of clay minerals in soils. 
Heydemann (1966) determined rates of dissolution 
of reference clays under controlled laboratory 
conditions at pH between 3 and 10. Mica-type 
clay minerals, after having been subjected to in- 
tensive weathering under natural conditions, were 

studied by Guven and Kerr (1966). Harriss and 
Adams (1966) investigated the weathering of 
granitic rocks and related soils in terms of equili- 
brium relationships between soils and surface wa- 
ters, and on that basis could characterize the soils as 
having reached maturity or as still undergoing 
change. Patterson (1964) compared the diagenetic 
processes resulting in saprolite and an adjacent 
underclay derived from the same parent material. 

An attempt was  made to combine the study of 
chemical and mineralogical changes through the 
weathering zones with an investigation of preferred 
orientation of the clay particles. The significance 
of preferred orientation studies in conjunction with 
chemical weathering lies in the fact that ionic 
replacement processes should have little or no 
effect on the orientation of the affected particles. 
Similarly, crystallographic overgrowths on nuclei 
should result in no significant changes in particle 
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orientation. If, on the other hand, clay minerals 
form as a result of ion migration to new centers, 
such as the surfaces of feldspar particles, one 
should not expect to find a tendency toward pre- 
ferred orientation. The method used to study and 
characterize preferred orientation is based on the 
discovery that the orientation of particles in the 
parent rock may be characterized in terms of 
hemispherical normal distributions (Pincus, 1953). 
Because of the large number of uncertainties 
regarding fundamental chemical and structural 
characteristics of the clay minerals in a natural 
assemblage, the investigation of preferred orienta- 
tion was based on X-ray intensity data collected 
from various surfaces of the specimens, rather 
than on ratios of intensities of reflections from 
different crystallographic planes obtained from 
one sample surface (Martin, 1966; Brindley 
and Kurtossy, 1961; Meade, 1961; Brindley, 
1953). 

THE PARENT ROCKS 

Composition and environment of deposition of 
the Brunswick shale and the Lockatong argillite 
are described in detail in three recent papers by 
Van Houten (1964, 1965a, b). In the locality 
studied, the argillite is a tough, dark brown, fine- 
grained and apparently homogeneous mudstone 
and marlstone. The remarkable hardness of 
these rocks cannot be due to silicification because 
of their low silica content. Probably the major 
contributors to the hardness are recrystallized 
carbonates and alumino-silicates. The argillite 
is lacustrine in origin and was deposited in many 
complicated detrital and chemical cycles. These 
rocks are rich in sodium, either as feldspar or as 
analcime. Quartz is almost absent. Rocks of the 
Brunswick formation are reddish-brown feld- 
spathic shales (mudstones) and siltstones. Quartz, 
unlike in the argillites, is abundant in these rocks. 
Both Na and K Feldspars are present. These 
sediments are believed to have accumulated on 
mudflats, in an environment less saline than that 
of the argillite (Van Houten, 1965b). The red 
shale of the Brunswick formation weathers rapidly 
on direct exposure to the atmosphere, while the 
argillite is very resistant to weathering. Although 
the boundary between the consolidated parent 
sediments and the residual clays is well defined, 
one finds some evidence of alteration in the parent 
sediments close to the contact. Up to 16ft of 
residual clays are found on top of the consolidated 
rocks, and these, in turn, are overlain by Creta- 
ceous sediments. The stratigraphic relations of 
the residual clays are described by Servilla 
(1960). 

METHODS OF MINERALOGICAL AND 
CHEMICAL ANALYSIS 

Channel samples of residual clays were col- 
lected from the Cretaceous boundary downward to 
the consolidated parent sediment, in the following 
three localities. (see map, Fig. 1). 

Almasi Pit, Woodbridge, N. J.; Brunswick shale 
and residual clay. 

Wright Pit, Milltown, N. J. ; Lockatong argillite 
and residual clay. 

Nixon N.J., Brunswick shale and residual clay. 
For the purpose of identification the usual X-ray 

diffraction analytical methods were employed. 
The 14A minerals were identified by first removing 
soluble iron and replacing all exchangeable ions by 
either magnesium or potassium in duplicate 
samples. To differentiate the minerals, samples 
were glycerated and heated to 300 and 550~ 
(Jackson, 1965). Kaolinite and chlorite were 
separated by treatment with warm dilute HC1 
(Brindley, 1951). The major elements were deter- 
mined with a Norelco Vacuum Spectrometer after 
preparing pellets containing L~203 as a heavy 
absorber (Rose et al., 1962). For Na and Mg 
analyses, a thin-window flow counter and pellets 
without a heavy absorber were used. For orienta- 
tion studies the undisturbed, moist clay specimens 
were indurated with Carbowax 6000 (Martin, 
1966). 

MINERAL AND CHEMICAL COMPOSITION 
Table 1 and Figs. 2 and 3 show the changes in 

mineral composition from the top of the weathered 
zone to the consolidated parent sediments, both 
for the Lockatong argillite and for the Brunswick 
shale. Chlorite, feldspar and illite are the major 
constituents in the Lockatong parent rock; quartz 
was not detected.* Goethite found accounts for 
a minor amount of the iron. Some iron is present 
in chlorite and montmorillonite, but most of it 
is thought to be colloidal. The major constituents 
of the parent Brunswick shale are illite, quartz, 
kaolinite; mixed-layer clays, montmorillonite and 
feldspar are found in lesser amounts. 

In Table 2 the corresponding major elemental 
composition as well as H20 + and H20-  content 
are given. In the Brunswick suite the only sharp 

*When the material is treated with NaOH (Methods of 
Soil Analysis, Jackson, 1965), the 14 ,~ mineral does not 
expand after glyceration. It collapses almost completely 
to 10/~ when heated to 300~ and also when treated with 
KC1. These are characteristics of non-expanding A1- 
vermiculites; however, not enough H20 is present in 
this mineral to allow for the presence of vermiculite. The 
treatment apparently altered the chlorite and made 
it unstable at elevated temperature. 
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Table I. Clay mineral suites derived from triassic shale 
and argillite 

Brunswick shale Lockatong argillite 
Sample 845 Sample 890 

Mineral A B C D A B C D 

Mx 2 2 6 6 
Mo 5 5 
I 27 27 28 52 
K 55 46 45 15 
Q 18 22 12 16 
F 3 3 3 5 
Ch. 

3 55 55 20 
93 30 10 1 

2 2 3 32 
2 12 30 45 

K e y :  Ch. = chlorite; Mx = mixed-layer clays; Mo = 
montmorillonite; I = illite; K = kaolinite; Q = quartz; 
F = feldspar. 

break in composi t ion is in the iron content  be tween  
horizons C and B; C a O  decreased to trace amounts  
be tween  D and B. H 2 0  content  increased steadily 
f rom D to A. The  alkalies, MgO,  SiO2 and A1203, 
remained fairly constant  through the whole section, 
excep t  for some loss of  Mg as one passes from D to 
C. The  Locka tong  suite is significantly different 
from the Brunswick suite. N~20  and C a O  decrease  
sharply f rom D to C, M g O  content  shows a sharp 
break as one proceeds  f rom C to B, while K20  and 
Fe~O3 decrease  sharply f rom B to A. Alumina  and 
water  of  hydrat ion increase steadily upward. 

The  changes in chemical  composi t ion  through 
the sections cor respond well with the changes in 
mineral composit ion.  In  the Brunswick suite the 
content  of  illite, the most  abundant  mineral  in the 
D hor izon diminishes to one half  in C,  and then 
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Fig. 2. Clay mineral suites derived from triassic argillite and shale. 
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Fig. 3. Clay mineral suites derived from triassic argillite and shale. 

Table 2. Chemical composition ofthe weathering suites derived fromtriassic shale and 
argillite 

Brunswick shale Lockatong argillite 
Sample 845 Sample 890 

Percent A B C D A B C D 

S i O  2 53"0 55'0 46"6 46"0 42"0 34'2 32"0 41 "2 
A1203 25"6 26'25 23'25 23"95  34"75 31 "8 28'0 18"7 
K20 4"10 4"05 3"75 3"60 0"20 4"15 4'30 3"66 
Na20 0-90 0"95 1 "3 1 '25 0"85 1 "25 1 '40 5"50 
CaO Tr. Tr. 0.5 1-1 Tr. 0.15 0.11 4.10 
MgO 1.35 1.25 1.10 2.00 0.1 0.5 6.0 5.4 
Fe2Oa 2.95 2.30 1 0 . 7 5  12.75 1.2 12.25 15.2 11.0 
(total iron) 
TIO2 0.39 0-40 0.45 Tr. 0.12 0.35 0.37 0-34 
H20 + 8.02 7.88 7.11 5.93 15.25 9.16 7.15 4.88 
H20- 0.04 0'31 0.48 1.37 1.64 1.48 0.85 0~43 
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diminishes only slowly upward; in the top horizon 
of this suite we still find 22 per cent illite. Feldspar  
is present in much smaller amounts than in argillite. 
The i l l i te-feldspar ratio is roughly constant. The 
mixed-layer clays diminish between C and B, and 
montmorillonite was found only in D and C. The 
content of kaolinite increases from D to A. 

In the Lockatong suite most of the feldspar 
found in D has been altered mainly to illite and 
some kaolinite in zone C. Chlorite is seen to 
decrease steadily upward, while kaolinite increases, 
until it constitutes 93 per cent of the A horizon. 

JOINTING 

Horizon C in the Lockatong is a brown clay 
which shows the argillite jointing and thin shiny 
colorless crusts on some breakage surfaces. These 
crusts were too thin to be separated from the clay, 
and attempts to identify them by optical micros- 
copy and X-ray diffraction were unsuccessful. 
Similar crusts are described by Patterson (1964) 
who was able to identify them as aluminous silicate 
gels. The presence of such gels just  above the feld- 
spar-rich D horizon is not surprising. 

Horizon B is a gray clay with whitish mottles. 
These mottles seem to represent the nuclei of the 
next alteration product leading to the white clay 
forming horizon A. Jointing planes can be seen 
throughout the residual clays above the Lockatong 
argillite; bedding planes can be barely discerned. 
Joint cracks are filled with white and greenish clay 
black blcbs also present are melanterite and 
aggregates of very fine-grained iron sulphides. 
Mixed-layer clays and poorly crystalline aluminum 
silicates showing only a broad X-ray reflection 
between 6 and 14 A are the clay minerals in these 
joint cracks. The joint  cracks in the argillite 
proper, near the weathering boundary are bright- 
green when fresh, discoloring soon to yellow on 
exposure to air. They are composed of siderite, 
in addition to poorly crystalline aluminum-silicates 
( 6 - ! 4 , ~  peak) and mixed-layer clays (41, 23 and 
13 A peaks). 

The Brunswick horizon D is composed of shale 
particles in a matrix of residual deep red clay. 
Shale jointing is still visible. Both the Lockatong 
and the Brunswick residual clays are remarkably 
low in particles larger than clay size (less than 5 
per cent coarser  than 2 p.). 

PREFERRED ORIENTATION OF THE CLAY 
PARTICLES 

From our pevious work (Sturm and Lodding, 
1966) it was known that the clay minerals in the 
parent rocks were preferentially oriented. Pre- 
ferred orientation can be dealt with quantitatively 

in terms of vectors drawn from a common origin 
whose lengths are proportional to the number of 
particles in the direction of vectors (Chayes, 
1949; Pincus, 1953, 1956). The ends of the vectors 
form a boundary surface, previously referred to as 
the orientation vector surface, or OVS (Sturm and 
Lodding, 1966), whose shape characterizes the 
degree and nature of the preferred orientation. Fo r  
preferred orientation of particles where one cannot 
differentiate between the (001) and the (001) 
planes, the function for the distribution of the 
vectors is periodic, with the period being 180 ~ In 
the general case, the vectors generate a hemi- 
spherical normal distribution. 

To determine the nature of the distribution of the 
clay particles in the argillite, two cylindrical 
samples, or cores, were cut from each specimen. 
The cores were oriented so that their axes were 
perpendicular to each other and parallel to the bed- 
ding plane. With the aid of a special sample holder 
attached to a wide-angle goniometer, intensity 
data for the 10 ,~ lines for twenty angular positions, 
spaced over 180 ~ of arc, were obtained for each 
specimen. Because of the cylindrical symmetry 
of the distribution, it is sufficient to obtain data 
for a central section only, that is, a section contain- 
ing the axis of cylindrical symmetry; which, 
generally, is equivalent to the vector that is per- 
pendicular to the bedding plane. The intensity data 
are then used in standard procedures to determine 
the particular semicircular normal distribution 
(Krumbein and Graybill ,  1965; Pincus, 1953). 

Our data show clearly that the orientation of the 
particles can be described in terms of the semi- 
circular normal distribution (Sturm and Lodding, 
1966); therefore, the characteristics of the particular 
distribution may be determined from X-ray diffrac- 
tion da ta  obtained from two surfaces of a sample 
block. Laboratory procedures have been estab- 
lished and the method has been verified on many 
samples. Both are the subject of a forthcoming 
paper. 

Table 3 summarizes results of orientation studies 
on the argillite and shale obtained by the OVS 
method. X1, X2, X3 are the  relative X-ray intensities 
of the 7, l0  and 14 A reflections, determined on 
three perpendicular planes. K-values, which are a 
measure of randomness or preferred orientation, 
were computed only for the strong reflections, such 
as the 10 A line in the Lockatong argillite, and the 
7 A line in the residual Lockatong clay. The 10 ,~ 
reflection in the Lockatong argillite gives a k-value 
of 1.0 which indicates a moderate amount of pre- 
ferred orientation, while the 7 A line in the residual 
clay has a k-value of 0-4 which is almost random. 
The k-values found in the Brunswick shale and 
in the residual clay are both higher than in the 
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Table 3. Preferred orientation of clay minerals in Locka- 
tong and Brunswick sediments 

Lockatong argillite Brunswick shale 

dA Xl X2 Xa k X1 Xe Xa k 

Horizon D 

14A 5 4 - -  59 24 29 1 '5 
10A 67 24 - -  1"0 108 26 22 1.8 

Horizon A 

14A . . . .  
10A - -  199 155 100 0-75 
7A 2266 1380 - -  0.4 345 222 142 0"80 

Intensities X,, X2, Xa normalized for background. 
- Intensities were not obtained. 
k-measure of concentration in semi-circular distri- 

butions (equivalent to degree of preferred orientation). 

Lockatong argillite. Although the precision of 
these measurements is not high, due to the difficulty 
of preparing suitable samples from specimens of 
non-indurated clay, they agree well with other 
observations made on these samples and thus 
constitute useful information. 

D I S C U S S I O N  

Apparently the weathering sequence of these 
two Triassic sediments proceeded along different 
lines and as a result, the end products differ. In 
the argillite the decomposition of the abundant 
soda feldspar at the consolidated-unconsolidated 
boundary released Na and Ca ions and some silica. 
Movement of fluids was likely upward and lateral. 
These solutions must have had a rather high pH, 
and they in turn altered the over-lying strata. The 
net effect was the removal of Mg-ions in the B 

horizon and finally of K-ions in the top layer. Here 
the decomposition of iron sulphides often found in 
the Lockatong may have caused a reduction of 
the pH and in turn the removal of iron oxides 
from clay. In the weathered zones overlying the 
Brunswick shale, the chemical changes are less 
extreme than those associated with the Lockatong 
argillite. This is probably due to the lower cation 
concentration in the ground water. Consequently, 
the removal (and exchange) of cations in the over- 
lying zones of weathered material is less complete, 
and we still find 22 per cent illite in the top layer 
of the weathered zone derived from the Bruns- 
wick shale. The most apparent change observed 
here is the removal of iron oxides between horizons 
C and B. This is likely to be due to the decomposi- 
tion of pyrite and the reduction in pH values of the 
ground water. Although pyrite is not ordinarily 
found in the Brunswick shale, it is abundant in 

the overlying Raritan formation and often con- 
centrated at the boundary. 

One may assume that post-depositional condi- 
tions in these localities, which are only a few 
miles apart, were quite similar. The differences in 
the weathering sequence of these two suites can 
be attributed mainly to the different chemical 
composition of the parent sediments.* 

Intensity data from the 10,~ material of the 
residual Lockatong were quantitatively in- 
significant and could not be computed with reason- 
able accuracy. The kaolinite particles were almost 
randomly oriented with k being approximately 
0.4. It is possible that the kaolinite which formed 
from feldspar is randomly oriented while the frac- 
tion which formed at the sites formerly occupied 
by illite inherited its orientation to some degree. 
In the parent Lockatong argillite only the orienta- 
tion of the 10 A material was computed because the 
intensities of the 14 ,~ clay reflections in the undis- 
turbed slab were too low. The fact that the 10 
clay shows only a moderate degree of preferred 
orientation can be readily explained by the high 
salinity of the environment of deposition which 
tended to result in the deposition of the clays as 
floccules, and, perhaps, by the simultaneous de- 
position of other minerals with a non-platy morpho- 
logy, which tended to inhibit the settling of mica 
platelets in one preferred plane. 

Higher degree of preferred orientation in the 
Brunswick shale is accounted for by a much less 
saline environment (Van Houten, 1965b) which let 
the clay minerals deposit from a partly-dispersed 
suspension. The residual clay from the Brunswick 
Formation likewise shows less preferred orienta- 
tion of the clay minerals than the parent shale, 
which may be indicative of the mode of clay mineral 
transformation that took place in this weathering 
sequence. 
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*Although the Wisconsin terminal moraine runs 
between the Almasi and the Milltown pit its effect on the 
weathering of the Triassic sediments was small due to 
the protective cover of Raritan clays. This assumption 
was confirmed by work on split-spoon cores recently 
obtained from the residual clays from Nixon, N. J. 
(2081). Unlike the Almasi pit the Nixon locality is south 
of the terminal moraine, and less than 5 miles fi-om the 
Milltown pit. Yet the weathering sequence and the clay 
minerals found in these cores are almost identical to 
those of the Almasi pit north of the terminal moraine. 
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R r s u m r - L a  composition de suites de mineraux argileux ddrivds d'argillite et de shale triasiques, 
est comparde ~t celle des sddiments consolidds d'origine. L'argillite Lockatong, pr6s de la zone de 
ddgradation, est composde principalement d'illite, de chlorure et de feldspath. Dans l'horizon argileux, 
immddiatement au-dessus, I'illite remplace le feldspath et le kaolin augmente avec la distance 
partir du contact jusqu'b, ce que, prrs du sommet de la zone de ddgradation, il n'y ait presque plus 
que des mindraux argileux. Une dtude similaire a dtd faite sur le shale de Brunswick. lci la roche 
parentd consiste principalement en illite, et quelque kaolinite, montmorillonite, quartz et feldspath. Le 
kaolinite s'accroit graduellement au fur et ~t mesure que l'on progresse en montant vers la zone de 
d~gradation, le montmorillonite ddcrolt, mais on trouve encore environ 30 pour cent d'illite dans 
les couches supdrieures. Le chlorure qui se trouve dans l'argillite pr~:s de la zone de ddgradation, est 
orientd au hasard tandis que l'illite montre une orientation ddterminde, indiquant probablement que 
le chlorure s'est formd sur place pendant la ddgradation. Dans le shale de Brunswick, l'illite montre 
aussi une orientation fortement ddterminde. 

Ces duex sddiments triasiques sont ~t moins de cinq miles Fun de l'autre et on peut supposer 
qu'ils dtaient dans un milieu similaire apr~s le ddprt. La diffdrence dans le drveloppement diagdndt- 
ique est dvident et il faut l'attribuer principalement ~. la composition chimique et ~ la lithologie du 
sddiment mbre. 

L'orientation des particules d'argile dans la roche solide a dtd dtudide avec l'aide d'une mdthode 
de diffraction des rayons X, basre sur l'analyse du prdl~vements cylindriques. Les donndes tri- 
dimensionnelles d'intensitd ainsi obtenues ont dtd reprdsentres par des vecteurs dont les extrdmitds 
forment une surface caractdristique de l'orientation des particules. Gdndralement, les vecteurs 
engendrent des distributions normales hdmisphdriques dont le vecteur principal coincide avec la 
perpendiculaire au plan du lit. 

Kurzreferat-Die  Zusammensetzung von Tonmineralfolgen aus triassichen Argilliten und Schiefern 
wurde mit derjenigen der verdichteten Muttersedimente verglichen. Lockatong Argillit in der Niihe 
der verwitterten Zone setzt sich in der Hauptsache aus lllit, Chlorit und Feldspat zusammen, lm 
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unmitte]bar dariiber liegenden Tonhor izont  wird der Fe ldspat  dutch  lllit ersetzt ,  und der Kaolingehalt  
wird grSsser  je  welter man sich v o n d e r  Bertihrungsstelle entfernt  und stellt in der N~ihe des Seheitel- 
punktes  der  verwit terten Z o n e  beinahe das einzige Tonminera l  dar. Eine ~ihnliche U n t e r s u c h u n g  
wurde an Brunswick Schiefer durchgefiJhrt. Hier  besteht  das Mut terges te in  gr6sstentei ls  aus  lllit 
mit e twas  Kaolinit, Montmoril lonit ,  Quar tz  und Feldspat .  Der  Kaolinit  erh6ht  sich in dem Masse  
als man  sich durch die Verwi t te rungszone  aufw~irts bewegt,  der Montmori l loni t  n immt  ab, doch wird 
in den obers ten  Schichten immer  noch 30 Prozent  lllit angetroffen. Chlorit  im Argillit in der N~ihe 
der verwit ter ten Zone  ist unregelmSssig orientiert,  wahrend  lllit deutlich bevorzugte  Orient ierung 
aufweist ,  was vermutl ich darauf  hindeutet ,  dass  der Chlorit  wahrend der Verwit terung an Ort  und  
Stelle gebildet wurde, lllit in Brunswick Schiefer zeigt sehr  deutlich eine bevorzugte  Orientierung.  

Diese  beiden t r iass ischen Sedimente  befinden sich weniger  als fi.inf Meilen voneinander  entfernt ,  
und es kann a n g e n o m m e n  werden,  dass  sie nach der Ablagerung in ~ihnlicher U m g e b u n g  existierten. 
Die unterschiedl iche diagenetische Entwicklung ist bemerkenswer t  und muss  in erster  Linie der 
chemischen  Z u s a m m e n s e t z u n g  und Lithologie des Mut te r sed iments  zugenschr ieben werden.  

Die Orient ierung der Tonte i lchen im Fes tges te in  wurde mit Hilfe von RSntgenbeugungsmethoden  
auf  der Grundlage  der Ana lyse  zyl indrischer  Proben untersucht .  Die so erhal tenen dreidimensionalen 
lntensit~itsdaten wurden durch Vektoren  dargestellt ,  deren Enden eine fiir die Orient ierung der 
Tei lchen charckter is t ische Oberfl~che formen,  lm al lgemeinen bilden die Vektoren  hemisph~.rische, 
normale  Vertei lungen,  deren Hauptvek tor  mit der Senkrech ten  auf  die Schichtflache i ibereinstimmt. 

Pe3tOMe----CocTaB CBHr r n m i H e r u x  Mmaepaao~, nonyqenHbiX Ha rp r t acosoro  aprHna~rra • caan t t a  
cpasmaBaaca co CBHTaMII n o a y q a e M ~ m  Ha yrtnOTHeHHMX oca~OqHtdX HCXO]IHIdX nopo/L flOKaTOHr 
aprrtrtrmT, no6mt30c ra  3OHM BblBCTpHBaHH~, COCTOHT HpeHMyIR~'TI~HHO ]8[3 aaaaTa ,  xnopaTa  H 
noneBoro mnaTa.  B Haxo~bqUlCMCA cpa3y Ha2I HHM FJIHHOHOCHOM FOpH3OHTr HHHHT 3aMealaeT 
noneBofl mnaT,  a ~OflHqCCrSO xaormmaTa so3pacraeT no  Mepc yBeYLt~eHH~ pac~roarma OX KOHTa~Ta 
210 Tex HOp, noKa IlpH caMOM Bcpxe 3OHbI BbIBCTpHBaHH~I IIpHCyTCTByeT IIOqTH TOHbKO rJIHHHL~rbII~ 
m m e p a a .  CXO~HOe RCCHe~OBaHIIe rlpoBO/IH21OCb Ha 6pyHCBHI~KOM cnaHtle. B 3TOM cay~ae HCXO~HaII 
uopol la  COCTOHT FHaBHbIM o6pa3oM H3 HaaHTa H CO~epxcHT TaIOKe HeKOTOpOe Ko2ntxlCCTBO ~aoJma~Ta, 
MOHTMOpHHHOHIITa, m m p u a  H nofleBOFO nmaTa.  KaOHHHHT nOCTeneHHO yBeJIHXH4BaCTCR no  Mepr 
IIpOIIBIDEeHILq BBepx ~iepe3 3oHy B I ~ H B a H H H ,  a MOHTMOpHHJIOITHT yMeHbrrla~rc,,q, HO upH6H. 
30% H.~rlHTa Bee enle HaxoDJIT B BepXHHX CYIORX. X/IOpHT B aprHnamTe 6~a3 3OHbl BhlBeTpItBaHII~I 
6ecnopaao~Ho opHeHTRpoBaH, B TO speMs gag HJ~/HT noKa3bmaeT CHabHy~ npeanom~raeMym 
opHerrrHposIqr scpOgTHO yKa3bma~, qTO X.rlOpHT o6pa3o~ancs aa  ~ec r e  ~ xo~e 3po3ma. PInn~r s 
6pyRcnI4rCZOM cnaHue noxaa~maer Cam, Hy~o npcxmOmaTaeMyro op~earapost<y. 

3rri n~a rpaacos~ie ozno~zemm Ha paccroamac MeHee 8 ZM (5 Mmm) ~Ipyr OT ~pyra H MO)ZHO 
npcnnonoacrn'b, "~TO orm o6a HMCma CXO~HyrO o~pyxxa~omylo cpc~D' nocne orno~zeHral. Pa3HHUa 
B /IHaI"r p a 3 s a r r m  o,iem, 3aMeTHaJl H c.rle21yeT IIpHIIHCaTb ee npe~v~ymecTseHao XaMa- 
qCCZOMy conepx~awmo H n~ronorma acxo~Horo oTnoacerima. 

OpHcHraposza "mcTHu rnHH~ s xopcrmofl nopo~le Hccnc~o~anacs, np~MeHSa MerO~b~ ~mdp- 
paKIJMH peHTI~HOBCKHX Hyqe~, OCHOBaHHOt~ Ha aHaym3e LUIIYIHH~pHtI~KHX o6pa3Ros.  1-[onyqeHHMe 
Tag14M o6pa30M ~aHH~Ie Tp~XMepHO~ HHT~HCHBHOCTH H30~pa~KaIOTC~I ~e~ropa~m, XOHU~ KoTopbIX 
o6pa3yR~T noBCpXHOCrb, qTO H xapag-repHo ~ opHeHTHpOB~H qacTHtI. B o61~eM, s e r r o p s ~  rCHepH- 
pylOT HoJIyct~CpHqCCKHe HOpMaYmHMe pacnpenenemm,  rnasHld~t Be~rop KOTOpblX co~nanae r  c 
HOpMaYib]O K I~O~KOCTH HartnacroBaHHs. 
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