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Abstract. To confirm the presence of
geophysical anomaly the isotopic composition of
uranium has been studied from the samples
extracted from the exploration wells drilled in
different years in the territory of the
Zolotitskoye ore field of the Arkhangelsk
diamondiferous province (ADP). The study was
based on the heterochronous deposits of the
geologic profile and managed to obtain data on
isotopic composition of uranium. For the
quaternary deposits and coal formations, which
are overburden ones in the Zolotitskoye ore field
kimberlites, and in the Vendian rocks, which
enclose kimberlites, the average values of
isotopic ratio 234U/238U did not exceed 1. Most
samples from the near-contact zone, which are
represented by the upper Vendian deposits and
by the peripheral part of crater facies of pipes,
contained excessive amounts of the daughter
isotope 234U. The generation of high
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γ =234U/238U values is explained as being re-
lated to the geologic structure of the near-contact
zone. The particular features of the 234U isotope
distribution are consistent with the tectonic and
substantial changes in the rocks within the near-
contact zone. This phenomenon has also been
evidenced by several other investigators. The
generation mode of non-equlibrium uranium with
the excessive 234U content is explained by the
dynamics and circulation of underground waters
along the tectonic fractures bounding the pipes.
The empirical data obtained in the course of the
laboratory tests allow to conclude with a cer-
tain degree of scepticism that non-equilibrium
uranium in enclosing rocks relates to kimberlite
magmatism in the ADP territory. In turn, non-
equilibrium uranium with the excessive content of
234U, which was discovered in the geologic profile
of enclosing Vendian deposits, may be considered
as the local indirect evidence of ADP kimberlite
bodies. However, when estimating the prospect-
ing areas for availability of the kimberlite magma-
tism in the geologic profiles of exploration wells,
the non-equilibrium state of uranium should be
considered only in conjunction with the kimber-
lite signs.



Introduction

Since the discovery of the first kimberlite pipe in the
territory of the Arkhangelsk diamondiferous province
(ADP) a lot of classical geophysical methods for the
prospect of the kimberlite bodies have been published;
however, the most effective among all these methods,
similar to those in many other diamondiferous provinces
all over the world, proved to be the aeromagnetic meth-
ods [Cyganov et al., 2004; Kontarovich and Cyganov,
2000]. At the same time, magnetic surveys in the
Arkhangelsk province territory nowadays face hard times.
It is reflected in an abrupt decrease in its prospect-
ing effectiveness not exceeding 0.5% [Korotkov, 2011;
Stognij and Korotkov, 2010]. Other geophysical, geo-
chemical and placer-mineralogical methods have not
brought to stable the prospecting effectiveness. Pur-
suant to conclusions made by some investigators [An-
drosov et al., 2004; Antonov et al., 2004; Frolov et al.,
2005; Ignatov et al., 2011; Lapin and Tolstov, 2007],
the main negative factors, complicating kimberlites ex-
ploration in this territory are as follows: a heavy sheath
of the overburden deposits; the hidden type of fractures
controlling the location of kimberlite bodies; weak kim-



berlite manifestation in physical fields; weak erosional
truncation of pipes; an extremely low content of ferro-
magnetic minerals in pipes; a low content of the dia-
monds accessory minerals. In this regard, the necessity
of development of new approaches for kimberlite pipes
prospecting and their implementation into the practical
prospecting activities are of especial importance.

The published actual data relating to the Russian
and foreign diamondiferous provinces show potential
application of some radioisotope methods for search-
ing and prospecting of kimberlite pipes. [Magomedova
and Udoratin, 2016; Magomedova et al., 2015; Mc-
Dowall and Koketso, 1991; Mwenifumbo and Kjars-
gaard, 1999; Ramadass et al., 2015; Zaripov, 2014].
One of these techniques is based on the usage of tracer
elements, such as uranium even isotopes, which are
contained in all types of rocks and natural waters. The
activity ratio of uranium even isotopes, which is repre-
sented by the value of γ =234U/238U, is widely used in
geology and hydrogeology. For all types of rocks with
the age of 1 million year and more, the isotope ratio
234U/238U is equal to 1 and that is why the alteration
of this value caused by the concentration or leaching
(extraction) of the daughter isotope 234U is an indicator
of geochemical activity of the geological environment



[Chalov et al., 1990; Titaeva, 2005; Tihonov, 2009].
The first surveys of even uranium isotopes in kim-

berlites were conducted for the pipes of the Yakutsk
diamondiferous province (YaDP) [Zverev et al., 1976,
1979]. It was shown that in general kimberlites pre-
serve the uranium isotope ratio near to the equilibrium
one. A non-equilibrium isotope ratio was detected for
several samples of the damaged kimberlites associated
with water-bearing formations. In the course of inves-
tigations of the uranium isotope composition in kim-
berlites and in the enclosing rocks of Mir and Sputnik
pipes at YaDP, it was shown for the first time that
in the enclosing rock within the zone of fracture as-
sociated with the near-contact zone, the imbalance of
the isotope equilibrium takes place [Kiselev, 1999]. The
first investigations of the uranium isotope ratio at ADP
were fulfilled for the Nyonokskoye field pipe, and in the
geologic profile of Vendian deposits within the pipe en-
docontact, which have been passed by G440/1 well,
high activity values of the 234U light isotope have been
detected [Kiselev et al., 2011]. This presupposition was
verified for the pipes of the Zolotitskoye ore field of
ADP as exemplified by the Pionerskaya pipe [Yakovlev
et al., 2016]. In the near-contact zone of this pipe rep-
resented by the Vendian sands, an abrupt imbalance of



the 234U and 238U isotopes equilibrium has been estab-
lished. The isotope ratio γ =234U/238U reached the
value of 3.57, while the uranium isotope composition
in the enclosing rocks far away from the pipe was in
equilibrium. Besides, highly excessive compositions of
uranium-234 also were detected for the underground
waters, which circulate nearby the kimberlite bodies of
ADP [Kiselev, 2005].

The identified behavior of the way the uranium iso-
topes fractionate in the kimberlite magmatism of ADP
has caused the necessity of more extensive investiga-
tion of 234U and 238U distribution characteristics. In
order to use the 234U/238U isotope ratio as a local evi-
dence of kimberlite pipes one should solve several tasks.
The first task is to study the particular features of the
uranium isotopes distribution in the heterochronous de-
posits of the sedimentary sheath in the ADP. The sec-
ond task is to establish the common patterns of the
234U/238U isotope ratio changes for the geologic pro-
file of enclosing and overburden deposits. And finally,
the third task is to reveal the factors causing genera-
tion of false local geochemical anomalies not connected
with kimberlite pipes. An attempt to solve these tasks
is presented in this work.

The research took place within the Zolotitskoye kim-



berlite field of the Zimneberezhnyi diamondiferous re-
gion of ADP, which is located in the northern part of
the Russian plate, where it joins the Baltic crystalline
shield [Gubajdullin, 2002].

Nowadays, the Zimneberezhnyi region is the only re-
gion within ADP, where the industrial diamond content
is established.

This region is located on the southeast coast of the
White Sea, between the Dvina and Mezen Bays, and
represents itself a flat land divided by the valleys of
numerous rivers and by the lakes basins [Stankovskij,
1997]. The prevailing topographic form is glacial and
aqueoglacial [Kutinov and Chistova, 2004].

The general territory outline at which investigations
have been carried out is shown in Figure 1.

The geological profile of the considered region may
be divided into two structural levels.

The lower level is characterized by the crystalline
basement, which is composed of the low Archean geo-
logical formations represented by biotitic, biotite-amphi-
bolitic gneisses, amphibolites, garnetiferous gneiss-grani-
tes and igneous complexes [Har’kiv et al., 1998]. The
cover thickness of the crystalline basement ranges from
0.5 to 1.2 km for the high offsets and from 2.0 to 3.0 km
and more in grabens and cavities, while in general the



F
ig

u
re

1
.

T
he

lo
ca

ti
on

of
th

e
re

se
ar

ch
ar

ea
is

th
e

Z
ol

ot
it

sk
iy

ki
m

b
er

lit
e

fi
el

d
of

th
e

A
rk

ha
ng

el
sk

di
am

on
di

fe
ro

us
pr

ov
in

ce
.



basement lowers in the east and southeast directions
[Shirobokov, 1997].

The sedimentary sheath is composed of terrigenous
or carbonaceous-terrigenous rocks of the upper Pro-
terozoic, Paleozoic and Cenozoic with a total cover
thickness of up to 4 km for the low parts of the crys-
talline basement and up to 0.5–1.2 km for the high
offsets [Bogatikov et al., 1999].

More than 50 blow holes of ultrabasic alkali rocks, di-
amondiferous kimberlites inclusive, have been detected
in the territory of the Zimneberezhnyi region [Verzhak
et al., 2008]. Ten (10) kimberlite pipes are located
in the Zolotitskoye kimberlite field. The vertical sec-
tion of the kimberlite pipe has the form of a typical
blasting cone, the upper part of which is often repre-
sented by a bellmouth filled with crater facie rocks. The
Karpinskogo-2 and Pionerskaya pipes are two contigu-
ous pipes with a common bellmouth, i.e. these pipes
are classified as double-rooted ones.

The age of the blow holes dates back to the late
Devonian or the early Carboniferous period [Sablukov,
1987].

The kimberlite pipes are contained in the upper Ven-
dian thickness amounting to about 920 m, represented
by sediments of three suites: Ust-Pinezhskaya, Mezen-



skaya and Padunskaya – sandstone with interlayers of
siltstones.

The complex of overlapping formations is represented
by middle carboniferous and quaternary deposits.

In the context of middle carboniferous deposits
carbonate-terrigenous rocks of the Moscow tier pre-
dominate. These rocks can also be identified in the
composition of the Urzugskaya, Voerechenskaya and
Olmug and Okunev suites. In the context of the
Urzugskaya suite, there are sandstones with rare low-
power interlayers of siltstones. Limestones and dolomi-
tized limestones with inclusions of flint prevail in the
Voerechenskaya and Olmug and Okunev suites.

In the genetic relation, quaternary deposits are flu-
vioglacial, glacial, lacustrine, lacustrine-marsh and al-
luvial. The lithological composition of quaternary de-
posits is represented by sands, loam, pebbles, sandy
loam and peat. The average thickness of the sediments
is 35 m.

Materials and Methods

To study the uranium isotopic composition, rock sam-
ples were taken from the cores of exploration wells left
at the drilling sites (in stacks). Exploration wells were
drilled in different years to verify geophysical anomalies



in the territory of the Zolotitskoye kimberlite field. The
location of the exploration wells, from which the ma-
terial was selected for research, is shown in Figure 2.
In addition, the material, represented by kimberlites of
a number of the Zolotitskoye field’s pipes, was pro-
cessed, as well as the samples of the rocks from the
near-contact space of kimberlites. By the near-contact
space we mean the area directly containing kimberlites
of Vendian age deposits – exocontacts of the pipes, as
well as tuffaceous-sedimentary rocks that form the pe-
ripheral parts of the crater facies. In total, the data
was obtained on the uranium isotopic composition for
140 samples.

The investigation of isotopic characteristics in rock
samples was carried out using alpha-spectrometric
methods with preliminary radiochemical isolation
[Malyshev, 2013]. Specimens were prepared by grind-
ing the rock with a mass of 100 g into fractions of
0.075 mm. From the sample, which was homogenized
in such a way, a 10 g sample was taken and subjected
to complete dissolution with a solution of concentrated
HF and HClO4 acids in a ratio of 4 : 1. The kim-
berlite material containing hardly soluble mineral in-
clusions was further sintered with Na2CO3 at 900◦C.
After that, the rock was transferred to a nitric acid



Figure 2. Location of the exploration wells
in the territory in the territory of the Zolotit-
skoye kimberlite field.



solution, from which uranium isotopes were extracted
with a 30% solution of tributyl phosphate in toluene,
followed by purification from interfering radionuclides
with similar alpha-particle energies. To simultaneously
determine the uranium content and its isotopic com-
position, as well as to control the completeness of the
uranium output from the rocks, a tracer – an artificial
long-lived isotope 232U was introduced into the sam-
ples, the alpha-radiation energy of which significantly
differs from the energy of the natural isotopes 234U,
235U and 238U (4.19–4.77 MeV). The quantity of the
tracer was dosed in such a way that its activity was
comparable to that of natural uranium isotopes in the
analyzed sample (0.0231 Bq).

Sources for alpha spectrometric detection were pre-
pared by electrolytic deposition of uranium on polished
stainless steel disks with a diameter of 34 mm. The
measurements were performed using a solid-state al-
pha spectrometer Progress with a silicon surface-barrier
detector with an area of 400 mm2.

To ensure the most accurate estimations of the ra-
tio value 234U/238U and to reduce the error of the re-
sults, each sample was measured after 3–4 exposures,
approximately equal in time. In order to control and ex-
clude possible instrumental deviations during the sam-



ple measurement, the parameters of the spectrome-
ter were monitored by the reference source OISN-242
No. 6, comparing the peak positions and the counting
rate with control values. The correctness of count-
ing the pulses through the channels that correspond
to the isotopes 234U and 238U was performed by the
source of equilibrium uranium A2-150. The isotope
ratio γ =234U/238U in the source A2-150 is equal to
1.01± 0.02.

The errors in measurements of isotopic ratios in the
samples of kimberlites, enclosing rocks and natural wa-
ters are determined by the statistics of the number of
recorded decays [Chalov, 1991]. The absolute error in
measuring the intensity of the lines in this case is equal
to
√

N (where N is the number of decays registered for
a given line), and the relative error is 1/

√
N .

The standard deviation (σ) of the ratio of the inten-
sities of the two uranium’s alpha peaks with the number
of registered pulses N234 and N238, which corresponds
to the ratio of the isotopic activities γ =234U/238U,
was found from the correlation:

σ =
N234

N238

√
1

N234
+

1

N238

The relative mean square error is determined from



the correlation:

δ =

√
1

N234
+

1

N238

The mean square error in determining the activity of
the examined samples by using the alpha-spectrometric
method was: about 2% in determining the value γ and
about 4–5% in determining the uranium concentration.

Results and Discussion

The results of uranium isotopic studies in the samples
of kimberlites, the enclosing and overburden deposits
of the Zolotitskoye ore field are published as the dataset
by [Kiselev et al., 2018] in the Earth Sciences Database
(ESDB) created and managed by the Geophysical Cen-
ter RAS. In the generalized form, depending on the
facial belonging of the rocks, the data is shown in Ta-
ble 1.

As it is seen from the mentioned dataset and Table 1,
quaternary water-glacial deposits, mainly represented
by sands and sand-gravel mixture, are characterized by
the highest average concentration of uranium, which
is 7.66 ppm. The highest concentration of uranium is
confined to quaternary sands with an admixture of dark

http://esdb.wdcb.ru
http://esdb.wdcb.ru
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flints enriched with uranium. The uranium concentra-
tion in it reaches 46 ppm, which is much higher than
the bulk earth values. Probably, the source of uranium-
bearing flints in quaternary formations was silicified in-
terlayers of the underlying middle-upper carboniferous
deposits, eroded by the glacier.

Carboniferous deposits, composed of sands, sand-
stones and dolomites, have an average uranium con-
centration of about 1.3 ppm. The dolomites of the
Olmug and Okunev suites are most enriched with ura-
nium, about 6 ppm. The isotopic ratio γ =234U/238U
varies within 0.37–1.34 γ, the average value is 0.92 γ.

For the upper section of the Vendian thickness, rep-
resented by the Padunskaya suite and mainly composed
of sandstones and siltstones, the uranium concentration
varies between 0.32 and 10.73 ppm, with an average
value of 2.11 ppm. The uranium isotopic ratio varies
within 0.46–1.20 γ and on the average is close to equi-
librium.

The uranium isotopic ratio 234U/238U for the kim-
berlites of the ventral facies of the Arkhangelskaya,
Karpinskogo-1 and Pionerskaya pipes, represented by
autolithic breccia, varies within the range 0.80–1.14 γ,
at an average equilibrium value γ. For autolithic brec-
cias, the lowest uranium concentration of 0.67 ppm is



also characteristic.
Sandstones and siltstones of the Vendian age, se-

lected from the contact zones of the Arkhangelskaya,
Karpinskogo-1 and Pionerskaya pipes, considerably dif-
fer in the uranium isotopic composition from the Ven-
dian deposits from the exploration wells, selected at the
Zolotitskoye field. The value of 234U/238U in it is much
higher than in the enclosing rocks, which are not re-
lated to the pipes. High values of the uranium isotopic
ratio are also characteristic for tuffaceous sedimentary
rocks that form the peripheral parts of the crater fa-
cies. For the rocks of the near-contact space, the value
of 234U/238U in average amounts to 1.24 γ, with an
average concentration of gross uranium of 1.66 ppm.

The uranium concentration in the Vendian samples
of the Padunskaya suite from the exploration wells on
average is within the limits of bulk earth values for the
sedimentary cover ∼ 2 ppm [Smyslov, 1974]. How-
ever, in some Vendian samples of the Padunskaya suite,
the excessive percentage abundance of 10.73 ppm was
noted. The dependence of the isotope ratio and the
uranium total concentration, which is −0.4, was found,
which is characterized as a moderate negative bond. In
the samples with high uranium concentration, which is
several times higher than the bulk earth value, the val-



ues of 234U/238U below 0.46 are observed, due to the
leaching of the light isotope 234U from rocks under the
influence of groundwater. The revealed regularities are
probably related to the peculiarities of the hydrogen
uranium redistribution in the upper section of the Ven-
dian thickness. In the lower section of the Vendian de-
posits, represented by the Ust-Pinezhskaya aleurolite-
argillaceous and Mezenskaya sandstone-siltstone suites,
in the depth interval from 300 to 1100 m, the processes
of hydrogen-induced redistribution of uranium are not
manifested, since the uranium isotopic ratio is equilib-
rium and the uranium concentration is about 3 ppm,
which corresponds to the types of rocks forming the
stratum. For sediments of other ages, such patterns
are not established.

It should also be noted that the kimberlites of the
examined pipes from the Zolotitskoye field are charac-
terized by extremely low concentrations of gross ura-
nium ∼ 0.67. It is known that in a series of magmatic
formations, alkaline-ultrabasic rocks are characterized
by minimal content of radioactive elements [Arbuzov
and Rihvanov, 2009]; however, for different diamond-
bearing regions of the world, the variations in the ura-
nium content are different. Thus, according to the
works [Lutts and Mineeva, 1973] on Yakutia’s kimber-



lites, the content of radioactive elements, uranium in
particular, is comparable with granites and character-
izes the highest concentrations of U and Th in a series
of subalkaline ultrabasic rocks. The uranium content
in the Yakutia’s kimberlites increases from the southern
to the northern kimberlite areas from 2.0 to 8.2 ppm.
In some pipes of the Yakutsk diamondiferous province
(YaDP), high concentrations of U reaching 11 ppm are
established [Zverev et al., 1979]. In India’s kimberlites,
the uranium content varies from 1.87 to 3.93 ppm [Paul
et al., 1977].

As it can be seen from the data presented above,
ADP kimberlites are characterized by substantially lower
concentrations of U, compared to the known kimberlite
provinces of the world. In addition, the uranium con-
centration in the ADP kimberlites decreases with the
increase of depth, which indicates an even greater de-
pletion of radioactive elements in the magmatic source
of kimberlites. The authors of the work [Lapin and
Tolstov, 2007; Frolov et al., 2005] for the ADP kim-
berlites have established negative anomalies of high-
charged rare elements, thorium, titanium and low val-
ues of the indicator ratios Ce/Y, Nb/Zr and Th/U.
Based on these data, ADP kimberlites were detached
into a separate geochemical type – D. The difference



in mineral composition between D-type kimberlites and
kimberlites from the traditional diamondiferous regions
of Yakutia is also significant, causing its low magnetic
susceptibility [Lapin and Tolstov, 2007], which makes
it difficult to use the traditional methods of searching
for this type of kimberlites.

The 234U/238U isotopic ratio in the ventral facies of
the Zolotitskoye field’s pipes is in equilibrium, indicat-
ing that in these types of kimberlites, modern processes
of uranium fractionation are not shown since the vent
parts are not available for groundwater circulation. At
the same time, the anomalous values of 234U/238U are
observed in the contact area of kimberlites with en-
closing rocks, more than 3 times higher in the Pio-
nerskaya pipe than the natural equilibrium of uranium
isotopes. The majority of samples of the endocontact
rocks of the pipes, represented by the upper Vendian
sandstones and siltstones and exocontacts, composed
of tuffaceous-sedimentary formations of the peripheral
parts of the crater facies, is characterized by the enrich-
ment with the light isotope 234U. It should be noted
that such an increase in the uranium isotope ratio is a
characteristic feature of the near-contact spaces of all
the pipes of the Zolotitskoye field, studied by us. In het-
erochronous enclosing and overburden rocks, remote



from the blow holes and having no signs of kimberlite
magmatism, enrichment with the 234U isotope is not
observed, with the exception of single cases, probably
caused by local geochemical conditions, which are typ-
ical for a particular interval or for specific environments
in near-surface conditions. In general, in the Quater-
nary and Carboniferous deposits, which are enclosing
kimberlites of the Zolotitskoye field and containing kim-
berlites in the Vendian rocks, the average values of the
isotope ratio of 234U/238U do not exceed 1. Thus, the
data obtained from this study on the existence of ura-
nium isotopic anomalies with excessive content of the
daughter 234U in the near-contact space of the Zolotit-
skoye field’s kimberlites, allows us to cautiously state
that the non-equilibrium is connected with the manifes-
tations of kimberlite magmatism in the territory of the
ADP. In turn, the indicator of the non-equilibrium ura-
nium with an excessive 234U contact, emitted through
the section of the enclosing Vendian deposits, can be
considered as a local indirect search sign of the ADP
kimberlite bodies. However, undoubtedly, the uranium
imbalance index should be considered in conjunction
with other characteristics of kimberlites, which will in-
crease the effectiveness of assessing the manifestations
of kimberlite magmatism in the sections of the explo-



ration well. In general, the near-contact space of the
kimberlite bodies of the Zolotitskoye field has a num-
ber of distinctly distinguished material and structural
changes, caused by the influence of the kimberlite pipe
on the enclosing rocks. Thus, local tectonic elements
accompanying the exocontacts of kimberlites are re-
vealed in the Arkhangelskaya pipe [Ignatov et al., 2008,
2012; Vasil’ev, 2010]. The pipe is bounded by the
zones of mylonites and steeply dipping fractures, in-
cluding low-amplitude overfaults and subsidence faults.
Tectonic disturbances are accompanied by enclosing
and overburden deposits, and are reliably determined in
the Urzugskaya Carboniferous and Padunskaya Vendian
suites [Vasil’ev, 2010]. Endogenous vein lightening de-
velops along these fracture zones [Ignatov et al., 2015].
The dimensions of the spreading aureole of secant clar-
ification reach the diameter of the pipe and are fixed
along the perimeter of the near-contact space, both di-
rectly on the tectonic contacts of the crater part of the
pipe, as well as at a distance of up to 300 m from the
pipe. The lightening develops along the cracks and has
a thickness of up to 20 cm [Ignatov et al., 2015]. Based
on the study of radiation damages (RD) in the quartz
of crater sandstones, enclosing Vendian rocks and over-
burden carbon, the elevated concentrations of RD in



quartz of Vendian sandstones in the exocontact of the
Arkhangelskaya pipe was found in comparison with the
Vendian rocks from exploration wells [Zaripov, 2014].
High RD concentrations are associated with the radia-
tion impact of uranium paleo concentrations due to its
infiltration and oxidation transfer and settlement near
kimberlites, obtaining recovering properties [Zaripov,
2017]. The age of uranium mineralization along the
RD is 370 million years, which corresponds to the age
of the formation of the Zolotitskoye field’s kimberlite
pipes.

It seems most probable that the structural and geo-
logical features of the kimberlite pipes of the Zolotit-
skoye field determine the formation of modern uranium
isotopic anomalies in the near-contact space of kimber-
lites. The deviation from the equilibrium of the isotope
pair 234U and 238U in the exocontacts of kimberlites
testifies to the migration of the daughter isotope over
the last 1 million years, since 234U surpluses are main-
tained for not more than 10 half-lives of uranium-234.
The development of fracture zones, bounding the pipes,
seems to lead to the penetration of infiltration water
into the aquifers of Vendian deposits and to the change
in the hydrochemical regime of groundwater, as a result
of which uranium precipitates with excessive mobile iso-



tope 234U. Such processes of accumulation of radioac-
tive element can also be observed within kimberlite
controlling faults, as the disruption of the sedimenta-
tion continuity can also create conditions for infiltration
water to penetrate and mix with mineralized groundwa-
ter, which leads to the formation of a geochemical bar-
rier. The establishment of radio-geochemical features
of kimberlite-controlling faults requires special atten-
tion, since there is currently no corresponding data, as
well as there is no data on the general geochemical
specialization of faults [Kutinov and Chistova, 2004].
The nodes and zones of tectonic disturbances are ac-
companied by the rise of Vendian waters, the decrease
in mineralization of which should occur in the contact
zone with the fresh Carboniferous and Paleozoic waters
[Kutinov and Chistova, 2004]. The zones and nodes of
ADP faults are distinguished by geochemical anoma-
lies, which is confirmed by geochemical survey data
[Glavatskih, 1992].

Thus, the conducted studies represent a small step
towards understanding the fractionation features of even
uranium isotopes in the kimberlite magmatism of the
Arkhangelsk province. Undoubtedly, specific geochem-
ical conditions that are favorable for the accumulation
of excessive 234U content in uranium rocks should exist



for the formation of non-equilibrium uranium in rocks
of the sedimentary cover. Such specific conditions ex-
ist in the near-contact space of the kimberlites of the
Zolotitskoye field, which has been empirically proven in
this study by means of studying the isotopic composi-
tion of uranium. In the core of exploration wells, where
there are no signs of kimberlite magmatism, the frac-
tionation of uranium isotopes is manifested to a much
lesser extent. However, in connection with the large
number of geochemical settings, associated with the
geological and tectonic conditions of the ADP, it is not
possible to single out unequal uranium as a local fea-
ture of kimberlite bodies, although certain trends exist.
These problems must be solved by expanding the area
of research and accumulating factual material.

Conclusions

The results of the studies on uranium isotopes in kim-
berlites, overburden Carboniferous and Quaternary sed-
iments and enclosing Vendian rocks within the Zolotit-
skoye ADP kimberlite field come down to the following.

The uranium isotope composition was examined in
the cores of exploration wells drilled at the Zolotit-
skoye field in different years aiming to verify geophys-
ical anomalies. The data on the isotopic composition



of uranium are obtained from a cross-section of het-
erochronous sediments. In differently enclosing and
overburden rocks, which are remote from the blow holes
and in which no signs of kimberlite magmatism could be
traced, 234U isotope enrichment is not observed, with
the exception of some cases, probably caused by local
geochemical conditions, typical for a particular depth
interval or for specific environments in near-surface con-
ditions. In general, in the Quaternary and Carbonifer-
ous deposits, which are overburden and enclosing Ven-
dian rocks of the Zolotitskoye field’s kimberlites, the
average values of the isotope ratio of 234U/238U do
not exceed 1.

In the majority of samples, taken from the near-
contact space, represented by the upper Vendian de-
posits and peripheral frequent crater facies of the pipes,
excessive content of the daughter isotope 234U was es-
tablished. The formation of high values γ =234U/238U
may probably be caused by the geological structure
of the near-contact space. The distribution of exces-
sive isotope 234U content matches the data on tectonic
and material changes in the rocks of the near-contact
space, established by a number of authors. The mech-
anism of formation of non-equilibrium uranium with



excessive 234U content is explained by the dynamics
and circulation of groundwater processes along the tec-
tonic cracks, bounding the tubes. The development of
cracked zones in the near-contact space of kimberlite
pipes, which are a kind of alien geological formation,
sharply differs from the host environment by their phys-
ical and chemical properties, resulting in the precipita-
tion of uranium with excessive content of isotope 234U.

The data on the existence of uranium-isotope anoma-
lies with excessive content of the daughter 234U in the
near-contact rocks of kimberlites in the Zolotitskoye ore
field, empirically established in the laboratory studies,
allows us to cautiously state that the non-equilibrium is
associated with the manifestations of kimberlite mag-
matism in the ADP territory. In turn, the indicator
of the non-equilibrium uranium with an excessive 234U
content, emitted through the section of the enclosing
Vendian deposits, can be considered as a local indi-
rect sign of the ADP kimberlite bodies. However, the
indicator of uranium imbalance should be considered
only in combination with other features of kimberlites
when assessing search areas for the presence of mani-
festations of kimberlite magmatism at the sections of
exploration wells. The revealed features of the distri-
bution of uranium isotopes in the context of the het-



erochronous deposits of the Zolotitskoye field require
further research within other areas of the ADP with
different geological and tectonic conditions and various
manifestations of alkaline and ultrabasic magmatism.
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