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Analyses of the natural gamma activity of 
sediments and sedimentary rocks can give 
valuable sedimentological information about 
variations in the chemical and physical properties 
of the depositional basin, changes in provenance 
as well as the diagenetic evolution. In the present 
paper, three different applications are illustrated 
by using examples from the Baltic Shield, 
Svalbard, Scotland and Western Tanzania. The 
applications of the natural gamma log activity 
include diagnosing distinct depositional 
conditions, correlating onshore and offshore 
stratigraphic sections and mapping diagenetically 
induced variations in lithology. 
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During petroleum exploration, sev
eral different well logs are used. 
Measurement of natural radioactiv
ity (the gamma ra y log), giving the 
radioactivity of uranium, thorium 
and potassium combined, is one of 
the tools most commonly used 
(Schlumberger 1972; Rider 1991). 
The gamma ray log is principally 
used quantitatively to calculate 
shale volume, in facies correlation, 
in clay mineral identification, and to 
suggest fracture zones and source 
rock intervals. It has also been an 
important tool in uranium explo
ration (e.g. Skjeseth 1958). 

During the past 10 years we have 
measured natural gamma activity 
during sedimentological fieldwork in 
several areas (Nyland & Teigland 
1984; Flesjø 1987; Nesteby 1989; 
Dypvik et al. 1991). The documenta
tion of natura} gamma activity has 
been carried out routinely together 
with standard sedimentological field 
observations, logging, sampling and, 
later, different laboratory analyses 
(mineralogy, petrology, geochem
istry). In general, these experiments 
have yielded valuable information, 
reflecting factors such as composi
tion of clastic source area, condi
tions in the depositional basin, as 
well as diagenetic reactions. 

The natural gamma activity sur
face logs, as discussed in the 
present study, can be applied to 
several problems such as: 

( a) stratigraphical characterization 
(b) rapid lithostratigraphical screen

ing of remote areas through 
surface- surface and surface
subsurface correlation 

(c) revealing the lithology of for
mations concealed by soil cover 

( d) testing systematically and devel
oping some of the claimed ap
plications of subsurface gamma 
logs with the advantage of out
crop analyses. 

(Ettensohn et al. 1979; Berstad & 
Dypvik 1982; Dypvik & Eriksen 
1983; Chamberlain 1984; Cowan & 
Myers 1988). 

The data presented are examples 
which support these ideas, with new 
information related primarily to in-

creased gamma activity in felds
pathic sandstones (Permian, Tan
zania) with diagenetic feldspar 
growth. 

Method 

The total gamma activity is quickly 
measured, and the instrument is 
easy to operate and relatively inex
pensive. 

Natura! gamma activity is pro
duced by the decay of Th, U and 
their daughters, and 40K. These iso
topes are the contributors to the 
total gamma activity (Adams & 
Weaver 1958; Dypvik & Eriksen 
1983; Rider 1991), and their elemen
ta! distribution therefore govems the 
total gamma activity of sediments. 

In the field we have used a gamma 
counter GR-110 Exploranium Geo
metrics, measuring gross-gamma in 
counts per second ( cps). The counter 
was placed in direct contact with 
fresh rock surface and sheltered dur
ing counting so wind effects (blow
ing away gaseous daughters) would 
be minimized. In order to optimize 
the results, parallel measurements 
were taken at each site, each regis
tration taking l O seconds. The stan
dard deviation of the instrument is 
given as 40 cps (Flesjø 1987). 

Examples 

Distinctive depositional conditions 

Epicontinental black shales from the 
Ba/tie Shield. - These Cambro- Or
dovician shales are dominated by 
black, organic-rich alum shales with 
a feldspar-, quartz- and illite-rich 
and chlorite-poor composition. The 
shales were deposited in an exten
sive epicontinental sea (Bjørlykke 
1974a and b). The high natura! 
gamma activity of these shales has 
often been noted, mainly reftecting 
their high U concentrations (Skje
seth 1958; Armands 1972; An
dersson et al. 1982) (Table 1). The 
U-enriched alum shales from 
Vestergøtland, Sweden, have even 
been regarded as a uranium ore 
(Andersson et al. 1982). 
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Table l. Average literature values for the U, Th and K20 concentrations in 
claystones, sandstones and limestones ( Bjørlykke 1974a and b; Dypvik & Bue 
1984). Sandard deviation is 40 cps. 

Lithology U(ppm) Th(ppm) K20( %) 

Sandstone 
Siltstone 
Shalefclaystone 
Camb./Ord. shales, Oslo area 
Jur./Cret. shales, Svalbard 

The U-enrichments are most 
likely the result of anoxic, organic
rich depositional environments, 
where reduction of uranyl com
plexes resulted in U- and associated 
V-enrichments in the organic mat
ter of clays and subsequently 
formed shales (Table l). These U
and V-enrichments are typically ob
served throughout the alum shales. 
Unusually high gamma activity has 
been recorded in Upper Cambrian 
beds, and these are recognized as 
having the highest U-activity in the 
region (Skjeseth 1958; Nyland & 
Teigland 1984) (Fig. 1). The 
gamma peak is typically found 
within a few trilobite zones of the 
Upper Cambrian successions (Skje
seth 1958; Spjeldnæs, pers. comm. 

2.4 8.0 0.74 
2.7 8.8 1 .24 
4.4 1 1 .5  2.28 

33 12 4.7 
4 1 5  3.42 

1991). Similar enrichments are 
found across the Baltic Shield 
(Dahl et al. 1988; Lewan & 
Buchardt 1989). They show distinc
tive depositional conditions - a 
combination of low rates of clastic 
sedimentation, reducing conditions, 
and minor sediment reworking by 
waves or currents, in an extensive, 
rather shallow sea rich in organic 
matter (Bjørlykke 1974a and b). In 
some cases fossils may be difficult 
to tind and the peaks in natural 
gamma activity can be used as an 
important correlation tool in other
wise apparently similar dark and 
monotonous alum shale sequences. 

In the main petroleum source 
rocks of the North Sea, the marine 
Kimmeridgian black shales ( Goff 
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1983), high gamma activity is typi
cally found in the so-called 'hot 
shales'. The peaks in the gamma 
radiation are used, as for the alum 
sha1es, in the stratigraphical corre
lation of the North Sea sequences 
(Goff 1983). Bjørlykke et al. (1975) 
attribute the high activity to a 
high uranium content, associated 
with high concentrations of organic 
matter. 

Shallow marine beds from Jurassic 
Cretaceous sequences of Svalbard. -
The Jurassic-Cretaceous sediments 
of the Janusfjellet Subgroup, Sval
bard (Dypvik et al. 1991) represent 
shallow marine depositional con
ditions, dominated by upwards 
coarsening cycles. The Jurassic part 
of these illite-, smectite- and kaolin
ite-carrying feldspathic claystones 
may contain silt/sand beds of storm 
origin, while the sandier Upper Cre
taceous sediments contain coarsen
ing upwards prodeltaic sequences 
(Dypvik et al. 1991). 

On Svalbard, several measured 
sections through these dark shales 
and siltstones have been analyzed 
(Fig. 2). The pattems in the mea-

NATURAL GAMMA 
ACTIVITY 

. . 

· . . 

. . 

3: 

40 g 
. . . . . 

o 200 600 1 000 1 4 00 
.
m 
n 
)> 

30 æ 
� 

20 
- - -

CLAY S. SAND 
GRAIN SIZE 

. .. 
. . 

.. . . 

. . 

. 
:' . 

200 600 1000 1400 

o-CPS c::::::::::> 

�:.:�/�:� 0- cp s c::::c> 

Fig. l. The total gamma activity in Cambrian and Ordovician compositc scctions 
from the Mjøsa area (Fiakstadclva near Hamar and Lausclva, Snertingdal; 
Nyland & Teigland 1 984) and Øland, Swcden (Grønhøgen and Dcgcrhamn 
localities). 
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Fig. 2. The total gamma activity in two sections from Central Spitsbergen 
(Norway) : the Oppdalsåta and the Slottsmøya sections (Dypvik et al. 1991). 
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sured gamma activities most likely 
reflect related variations in the com
position of the clastic material and 
indirectly indicate moderately venti
lated depositional conditions, in 
contrast to the iilum shales men
tioned above. The average U- , Th
and K-content of  these beds is close 
to the ' literature' shale composition 
(Dypvik & Bue 1984), with Th con
tributing about 60% of the total 
gamma activity (Table l ). As pre
sented in the study by Dypvik & 
Bue ( 1984), the U and K were 
shown to be controlled mainly by 
the clastic compounds, white the Th 
enrichments were due partly to dia
genetic carbonate formation. 

Such minor peaks in the gamma 
activity are recognized in several 
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Fig. 3. The total gamma activity in the section at Brora, Mora y Firth (Scotland) compared to gamma log measurements (API) from exploration wells in the Beatrice 
Field, offshore Scotland (Flesjø 1987). The sonic data were collected by PUNDIT (Portable Ultrasonic Non-destructive Digital Indicating Tester) analyses on rock 
samples. The sonic data from onshore Brora are given in m/s, white the offshore wells have sonic logs in 118/ft. The Beatrice well data from wells 1 1/30- 1 ,  1 1/30-2 and 
1 1/30-3 have a stratigraphy based on Linsley et al. ( 1980). The Brora stratigraphy is based on Sykes ( 1975). A to F are informal stratigraphical units in the Beatrice 
wells, while correlated units l to 6 correspond to the formal stratigraphical horizons given. In wells 1 1 /30- 1 and 1 1 /30-3, spectral logs (CNL-FDC: Compensated 
Neutron Tool-Formation Density Compensated) are also given. For more tool information, see Rider ( 1991). 



NORSK GEOLOGISK TIDSSKRIFT 73 (1993) Natura/ gamma activity in sedimentological fieldwork 61 

SONGWE-KIWIRA 

AREA 

z 

CLAY S. SAND 
GRAJN SIZE 

NA TURAL GAMMA 
ACTIVITY 

� • 

!. 
•• • 

t 
... 
J 

' • 

•• 
• 

• 
.; 

,.. 

l 
el• • 
•• 

· · ·� • • 
•• 

• • • • 
• • • 
• 

• 

,. 
.... 

. "' • •• • 
.... 
�·· 
:t • • •  

", .. • • • • 
• • 

100 200 300 400 

o-cps=>-

Fig. 4. The total gamma activity in the section at Mwalesi Gorge (Nestcby 1989) 
ncar Tukuyu at the northem tip of Lake Nyasa (Western Tanzania). Diagenetic 
feldspar formation is particularly well developed in unit K2 and the Scarp 
Sandstone just above it (Nestcby 1989). 

sections as part of the stratigraphi
cal distribution, e.g. the gamma 
peak in zone A and the generally 
decreasing gamma activity in zones 
B/C (Fig. 2). In the homogeneous 
shaley sequence, sometimes sparse 
in fossils, the gamma ray logs are an 
important aid in the 1oca1 correla
tion, and they may also be related 

to the gamma log pattems in explo
ration wells of the Barents Sea 
(Laursen 1991). 

Correlation aid 

The above-mentioned resu1ts from 
the alum shales of the Baltic Shield 
and the Mesozoic of Svalbard have 

also been of value in stratigraphical 
correlation. In addition, one exam
ple from onshore/offshore Scotland 
will be presented. 

Shallow marine Jurassic beds from 
Scotland. - The application of natu
ra! gamma activity in the correlation 
of Cambro-Silurian and Mesozoic 
sequences was described above. In 
the following example, the estuarine 
to shallow marine Jurassic bedsfrom 
Brora, onshore Scotland (Sykes 
1975; Linsley et al. 1980) have been 
analyzed and correlated with sec
tions from the Beatrice Field off
shore. The total gamma variation of 
the onshore Brora sequences studied 
is explained by grain-size variations 
as well as possible changes in source 
rock composition (Fig. 3) (Flesjø 
1987) . 

The gamma ray well logs are mea
sured in American Petroleum Insti
tute (API) units, white the gamma 
activity profiles from Brora were 
measured in counts per second ( cps) . 
Consequently, the trends of the 
curves are comparable, but not nec
essarily on a quantitative basis. The 
pattems of deftection from such 
measurements are, however, qualita
tively similar enough to permit good 
correlation (Fig. 3) (Ettensohn et al. 
1979). The Brora sections display 
total gamma activity distribution 
similar to that found in offshore well 
logs from the Beatrice Field, a few 
kilometers to the east (Fig. 3). The 
two sections may be correlated, as 
they show at !east some lithological 
correlation between, for example, 
both the Brora Arenaceous-Unit E 
and Brora Argillaceous/Brora Coat 
and Unit D, as shown in Fig. 3. 

Diagenetic alterations 

Karoo (Permian) sediments from the 
East African Rift Valleys. - The 
studied Karoo beds (Permian) of 
Western Tanzania represent conti
nential, glacial ftuvial to deltaic, and 
lacustrine depositional environ
ments (Dypvik et al. 1990). Their 
total gamma activity was measured 
in both the Karoo and the overlying 
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Red Sandstone Group (Nesteby 
1989). The highest relative gamma 
activities were recorded in certain 
beds: the middle part of K2 and the 
Scarp Sandstone (Fig. 4) (Nesteby 
1989). The results seem at first to 
contrast with the commonly found 
low activity in such coarse-grained 
siliciclastic sediments. In thin sec
tions and by scanning electron mi
croscopy analyses, however, these 
sandstones are seen to be character
ized by high amounts of authigenic 
potash feldspar (Nesteby 1989). 
Such potash feldspar enrichments 
and associated reduced porosities 
are the result of diagenetic reac
tions, and show, in this case, that 
also diagenetic information of 
petroleum and hydrological impor
tance may be obtained through the 
use of gamma ray measurements on 
outcrops. 

These 'high gamma beds' are lo
cally developed and will conse
quently only be of local strati
graphical significance. 

Conclusion 

The measurement of natural gamma 
activity, together with traditional 
sedimentary logging and observa
tion, can provide important contri
butions in sedimentological field
work. In the present study, clarifi
cations with respect to grain-size 
variations (Brora, Beatrice Field), 
source areajgrain-size changes (Sval
bard), depositional conditions (Bal
tie Shield) and diagetietic alterations 
(Tanzania) have been demonstrated. 

The potential for applying natu
ra! gamma activity studies as a part 
of routine sedimentological field in
vestigations is very promising. The 
measurements are usually easily and 
quickly made, and are relatively in
expensive. In addition to the exam
ples mentioned above, measure
ments of natural gamma activity 
could also prove useful in studies on 
the distribution of phosphates and 
glauconite in shallow marine sedi-

ments, sequence analyses in shaley 
formations, in the recognition of 
heavy mineral-enriched sands, in dia
genetic zones suffering secondary 
feldspar dissolution and in potas
sium-enriched sediments. 
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