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Abstract-Shales from six locations in Oklahoma were subjected to natural weathering for 2 yr. Simulated 
weathering of these shales was effected in the laboratory by sUbjecting them to ultrasonic treatment in 
a tank type device. Both treatments produced disaggregation. X-ray diffraction patterns for the ultrasoni­
cally treated and weathered shales indicated no major changes in the types of clay minerals. However, 
natural weathering in the field produced degradation of the clay minerals in addition to disaggregation 
of the shales. Ultrasonic treatment appears to be a good predictive test for determining the durability 
and weatherability ofthe shales; however, it can simulate field weathering only so far as the engineering 
index properties of the shale are concerned. It is not a predictive test where the mineralogical character­
istics are of significance. 

INTRODUCTION 

This study determines how well tests with short term 
ultrasonic treatment of fresh shale can predict the 
properties of the shale weathered naturally for a much 
longer period of time. 

MATERIALS 

Shale samples were obtained from six different loca­
tions in Oklahoma. Pertinent information is presented 
in Table 1. 

For the purposes of this study, there are three dis­
tinguishable sets of samples. Fresh shale refers to sam­
ples obtained freshly from a sampling location; such 
are identified as field samples. Field weathered samples 
are obtained from shale, contained in boxes, which 
has been exposed to weathering for 24 months. Ultra­
sonically treated samples are fresh samples which have 
been treated ultrasonically in the laboratory. 

PREPARATION OF SAMPLES 

Field weathering 

The fresh shale samples obtained from the field were 
put in Plexiglass boxes 12 x 12 x 8 in. Provision was 
made for drainage at the base by 3/8 in. dia. perforated 
pipes embedded in a 11 in. thick layer of clean gravel 
and sand. The boxes were covered only by 3/8 in. mesh 
screen. The boxes were set outside, 2t ft above the 
ground surface, in the open and away from buildings 
and trees. 

Laboratory weathering 

Weathering of the shale samples in the laboratory 
was accomplished by ultrasonic treatment. Ultrasonic 
disaggregation of sandstones and silt-stones has been 
reported by Savage (1969); of shales by Gipson (1963) 
and AIguire (1969). 

In comparing probe and the tank type ultrasonic 
equipment, these investigators found that the latter is 

Table 1. Description of shales 

Shale Predominant clay 
No. County Geologic unit System minerals 

8 Mayes Chattanooga Mississippian I 
13 McCurtin Washita Cretaceous M,K 
15 LeFlore Stanley Mississippian I, K,M 
21 Step hens Claypool Permian ML,M,I,K 
22 Carter Springer-Gottard Pennsylvanian ML,K,M,I 
24 McIntosh Senora Pennsylvanian I,K,M 

1= Illite; K = Kaolinite; M = Montmorillonite; ML = Mixed Layer Illite-Mont­
morillonite. 
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more suitable for shaley rocks and rocks with high per­
centage of clay. Since the six shales under study con­
tained large amounts of clay, it was decided to use tank 
type equipment (Westinghouse Mini Magnapak). The 
tank used has a capacity of 1·5 gal and the generator an 
average output of 200 W at a frequency of 20 kc. 

The field shale sample was air dried and pulverized 
to pass a U.S. Std. No. 10 sieve. A sample was then 
placed in a beaker and soaked with distilled water for 
12-18 hr. Then, the beaker and its contents were 
placed in the sonifer and subjected to ultrasonic treat­
ment for time durations of 1/4, 1/2, 1, 2, 4 and 8 hr at 
a temperature of 70 ± 2°F. During the treatment 
period, the shale was prevented from settling by means 
of mechanical stirring. Minor modifications of this 
method were effected, depending on the specific labor­
atory test to be run; such modifications are indicated 
herein. 

LABORATORY TESTS AND DATA 

Particle size distribution, liquid limit, plastic limit 
and X-ray diffraction analysis were set as tentative cri­
teria for studying the effects of natural weathering and 
ultrasonic treatment. 

Particle size analysis 

This test followed ASTM: D422. For the field and 
field-weathered samples, a 50 g portion of the -10 
mesh material was soaked in 125 ml of Calgon solu­
tion, prepared according to the standard, for 12 hr and 
the dispersion was transferred to a hydrometer jar. The 
dispersion was made up to 1000 ml with distilled water 
and the hydrometer test performed. 

In the case of ultrasonically treated shales, the 
sample soaked as before was subjected to ultrasonic 
treatment for 1/4, 1/2, 1, 2, 4 or 8 hr duration. Then, 
the sample was transferred to the hydrometer jar, 
made up to 1000 ml and hydrometer test was per­
formed. 

A typical pattern of particle size distribution curves 
for shale No. 24 is shown in Fig. I. A similar trend was 
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Fig. 1. Effect of ultrasonic treatment and field weathering 
on particle size distribution of shale No. 24. 

observed with the other shales. The increases in 
amounts of 5-ttm clay size particles with ultrasonic 
treatment time, for all the shales, are reported in Table 
2. The amounts of 5-ttm clay for the field samples, 
ultrasonically treated samples and field weathered 
samples are reported in Table 3. 

Liquid limit and plastic limit 

These tests were conducted on a - 40 mesh sample 
of the pulverized shale material, in accordance with the 
standard ASTM procedures D423 and D424. For field 
and field-weathered samples, the material was air 
dried, crushed to pass 40 mesh and tested. For the 
ultrasonically treated shales, 125 g of the -10 mesh 
sample were soaked in 125 ml of distilled water for 12-
18 hr and treated ultrasonically for 1/4, 1/2, 1, 2, 4 or 
8 hr. Then the material was washed through a 40 mesh 
sieve, air dried, and again pulverized to pass 40 mesh. 
The liquid and plastic limits of this material were 
determined in accordance with the above standard 
procedures. The liquid and plastic limit values for all 
six shales are given in Table 2. 

X-ray diffraction 

For the three sets of samples, a portion of the mater­
ial prepared for liquid and plastic limit tests was used. 

Table 2. Effect of ultrasonic treatment time on the amount of 5-J-Im clay size particles 

Treatment time (br) 
Shale 
No. 0 .1 1 2 4 8 4 '2' 

8 3 15 18 18 25 28 33 
13 59 66 70 68 65 64 69 
15 18 52 62 80 81 81 83 
21 43 74 76 76 76 76 77 
22 82 89 89 92 90 93 90 
24 35 74 75 79 80 82 85 
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Fig. 2. Effect of ultrasonic treatment and field weathering 
on X-ray diffractograms of shale No. 24. 

About 20 g of the - 200 mesh material were mixed 
with 100 ml of distilled water in a 100 ml measuring jar 
and thoroughly shaken. A sample was removed after 
15 min of settling so as to include 10-20 Mm particles, 
placed on a glass slide and dried at 140°F. In the case 
of ultrasonically treated samples, such slides were pre­
pared for each treatment time. 

X-ray diffraction patterns were obtained using a 
Norelco X-ray diffractometer operated at 40 kV and 

20 mA. Copper K, radiation was employed with an 
Ni filter. Glycolation and heating up to 600°C were 
used to confirm the type of clay minerals identified 
(Table 1). A comparison of X-ray diffractograms of the 
ultrasonically treated, field weathered and the field 
shale "is presented in Fig. 2 for shale No. 24. A similar 
trend was observed for other shales. 

DISCUSSION AND CONCLUSIONS 

With the exception of small variations, inherent with 
all soil experiments, the various experiments showed a 
general trend for each type of weathering. 

Ultrasonic treatment 

The shale samples steadily assumed finer gradations 
with increase in ultrasonic treatment time (Fig. 1). In 
general, the changes in particle size distribution 
occurred rapidly at first but then tended to reach 
asymptotically stable values with time (Table 2). Most 
of the disaggregation took place within 1 hr. Beyond 
that period there is very little change in gradation 
characteristics for all shales except No. 8. Shale No. 8 
is a highly indurated silty material which initially had 
a very low percentage of clay material. Significant dis­
aggregation occurred after 1 hr, and would probably 
continue even after 8 hr of ultrasonic treatment. 

As expected, the increase in the amount of clay size 
particles, which occurred with the ultrasonic treatment 
time, increased the liquid and plastic limits (Table 3). 
Due to disaggregation, greater surface area of clay plate­
lets is exposed to the influence of external agencies, 

Table 3. Data on the amount of 5-j.tm clay, liquid limit and plastic limit 
values of shale samples and their weathering products 

Shale No. 8 13 15 21 22 24 

5-j.tm clay (%) 
A 3 59 18 43 82 35 
B 18 68 80 76 92 79 
C 33 69 83 77 90 85 
D 9 61 20 55 83 44 

Liquid limit 
A np 43 24 40 64 29 
B 32 51 45 33 69 47 
C 40 55 46 45 72 47 
D 22 51 28 43 64 32 

Plastic limit 
A np 20 22 26 35 23 
B np 22 25 20 35 27 
C 24 23 26 22 33 25 
D np 18 21 23 32 25 

A = Original field sample; B = Sample treated for I-hr by ultrasonic 
method; C = Sample treated for 8-hr by ultrasonic method; D = Sam­
ple afforded 24-month natural weathering. 

np = Non plastic. 
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especially water, thereby contributing to higher plasti­
city. No relationship, however, could be established 
between the liquid limit and the amount of shale par­
ticles smaller than a given size. The changes in liquid 
limit occurred more rapidly in the first one hour of 
treatment. The plastic limit, generally, changed at a 
lesser rate than the liquid limit. Also, any ultrasonic 
treatment time considered optimum from a particle 
size distribution viewpoint may not be so with regard 
to plasticity characteristics. 

Clay mineral analysis by X-ray diffraction is gener­
ally qualitative and gives only semi-quantitative infor­
mation. The relative proportions of clay minerals in a 
sample, however, can be estimated from the relative in­
tensities of the peaks on an X-ray diffraction pattern 
(Gillott, 1969). For all six untreated and ultrasonically 
treated shale samples, the diffractograms did not reveal 
any alterations in clay mineral types. The patterns for 
a given shale at different ultrasonic treatment times 
looked almost the same. The patterns obtained for 
shales ultrasonically treated for 1 hr or more showed 
better-defined peaks than did the patterns for field 
samples (Fig. 2). Since aggregation causes weakened X­
ray reflections (Gillott, 1969) it may be concluded that 
ultrasonic treatment effectively disaggregates the par­
ticles. 

Field weathering 

Field weathering altered the particle size distribu­
tion for all the six shales; i.e. the amount of 5-JlID size 
clay particles was increased in all cases (fable 3). The 
changes produced in the particle size distributions by 
24-month field weathering corresponded, in general, to 
those brought about by one hour or less of ultrasonic 
treatment. 

The liquid and plastic limit values for the field 
weathered shales generally increased over the values 
for the field samples, and in a very general way, fell 
between the field sample 'and the 8 hr ultrasonically 
treated sample. One exception is shale No; 22 for which 
the values for the field weathered sample were the same 
as those of the original field sample. This particular 
shale is a heavy clay containing about 82 per cent < 5-
/lm size clay particles, and appears to be already 
greatly weathered. Thus, neither the field weathering 
nor the ultrasonic treatment had noticeable effect on 
this shale sample. Within the normal accuracy range of 
these limit tests, the liquid and plastic limit values for 

all the other field weathered samples correspond to the 
values obtained for the material treated ultrasonically 
for 1 hr or less. 

The X-ray diffraction analysis of the field weathered 
samples indicated, in general, all the clay minerals 
present in the original field sample. The peaks were, 
however, less well-defined and broader than for the 
field sample, which suggests the presence of imperfec­
tions in the crystal lattice of the minerals. These imper­
fections could possibly be due to degradation 
caused by weathering. These might also be due to en­
vironmental impurities adhering to the broken surfaces 
of clay platelets. 

Comparison 

Both ultrasonic treatment and field weathering pro­
duced disaggregation of the shale particles. The entire 
sample was reduced to a mass containing smaller sized 
particles. In both cases, the types of clay minerals were 
the same before and after treatment. 

Field weathering, in addition to disaggregation, pro­
duced degradation of the clay particles. Field weather­
ing for a much longer period of time could conceivably 
alter the clay mineral types. 

However, based on the limited experimental evi­
dence, it is concluded that ultrasonic treatment simu­
lates field weathering so far as the engineering index 
properties are concerned. Thus, ultrasonic treatment 
may serve as a good predictive test for determining the 
durability and weatherability of the shales. 
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Resume-Des schistes provenantde six localires de l'Oklahoma ont ere soumis it une alteration naturelle 
pendant deux ans. L'a1teration simulee de ces schistes a ete effectuee au laboratoire en les soumettant it 
un traitement par ultrasons dans un montage du type reservoir. Les deux traitements ont entralne une 
desagregation. Les diagrammes de diffraction X des schistes traites aux ultrasons et des schistes alteres 
n'indiquent pas de difference majeure dans les types de mineraux argileux. Cependant, l'alteration naturelle 
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sur le terrain entrajne une degradation des mineraux argileux, en plus de la desagregation des schistes. 
Le traitment aux ultrasons apparajt comme un bon test pour predire la durabilite et l'alterabilite des 
schistes; toutefois, il ne peut simuler l'alteration sur le terrain que dans la me sure ou les proprietes techno­
logiques reperes des schistes sont concernees. Ce n'est plus un test previsionnellorsque les caracteristiques 
mineralogiques ont une importance. 

Kurzreferat-Schiefertone von sechs Lokalitaten in Oklahoma wurden flir zwei Jahre der natiirlichen Ver­
witterung ausgesetzt. Im Labor wurde die Verwitterung dieser Schiefertone durch Behandlung mit Ultra­
schall in einer aus einem Behalter bestehenden Versuchsanordnung nachgeahmt. Beide Behandlungsarten 
ricfen cine Aggregatzcrstorung hervor. Die Rontgenbeugungsdiagramme der ultraschallbehandelten und 
der verwitterten Schiefertone lassen keine wesentlichen Veranderungen in der Art der Tonminerale 
erkennen. Die natiirliche Verwitterung im Geliinde rief jedoch zusatzlich zur Aggregatzerstorung der 
Schiefertone einen Abbau der Tonminerale hervor. Ultraschallbehandlung scheint sich gut flir die Voraus­
bestimmung der Widerstandsfahigkeit und Verwitterbarkeit der Schiefertone zu eignen. Sie kann jedoch 
die Verwitterung im Geliinde nur soweit nachahmen, als technische Kenngrof3en betroffen sind. Sie ist 
hingegen dort kein flir eine Vorhersage geeignetes Testverfahren, wo mineralogische Eigenschaften von 
Bedeutung sind. 

Pe310Me - CJIaHUhI, H3 llIeCTH MeCTHOCTeM B OKJIaXOMe, rro,QBepraJIHCh eCTeCTBeHHOMY BhIBeTpH­

BaHHIO B rrpo,QOJIlKeHHe ,QBYX JIeT. A B JIa60paTopIIII rrpoBo,QIIJIOCh IICcKycTBeHHoe BocrrpOll3Be,QeHHe 

BhIBeTp"BaHHH 3THX CJIaHueB rrpH rrOMOmH YJIhTpa3BYKoBOM o6pa6oTKH B 6aKoo6pa3HoM rrpHcIIo­

C06JIeHHH. 06e o6pa6oTKII rrOBeJIH K ,Qe3arperaUHH. PeHTreHorpaMMhI CJIaHueB rro,QBepraBllIHxcH 

YJIhTpa3BYKoBOM o6pa6oTKe H eCTeCTBeHHO BhIBeTpHBllIHXCH CJIaHueB He rrOKa3aJIH 3aMeTHhIX 

H3MeHeHHM B THrrax MIIHepaJIhHhIX rJIHH. O,QHaKo eCTeCTBeHHoe BhIBeTp"BaHle KpoMe ,Qe3arperaUHH 

CJIaHueB rrOBeJIO K pacrra,QeHHIO rJIIIHHCThIX MHHepaJIOB. YJIhTpa3BYKOBaH o6pa6oTKa, KalKeTCH, 

HBJIlIeTClI rro,QXO,QlImeM o6pa6oTKOM ,QJIlI rrpe,QCKa30'IHhIX HCrrhITaHHM C ueJIhlO orrpe,QeJIeHHlI ,QoJIro­

Be'IHOCTII H BhIBeTpHBaeMoCTII CJIaHueB, o,QHaKo, nOT crroco6 MOlKeT MO,QeJIllpOBaTh BhIBeTplIBaHHe 

B eCTeCTBeHHhlX YCJIOBHlIX TOJIhKO rro OTHOllleHll1O K TeXHH'IeCKIIM YKa3aTeJIlIM xapaKTepHCTHK 

CJIaHueB, 'ITO lKe KacaeTCH MHHepaJIOrH'IeCKHX xapaKTep"CTIK 3TO IIcrrhITaHlIe He lIBJIlIeTClI rrporHo­

CTII'IeCKlIM. 
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