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Fifty seven beach sand samples were collected along the shoreline of Abu Dhabi, United Arab Emirates (UAE). The aim of the paper
is to geochemically classify and characterize the beach sediments of Abu Dhabi. Their geochemical compositions were determined,
using X-ray fluorescence analysis. A combination of cluster and discriminant analysis was applied to classify and characterize the
beach sand. Cluster analysis produced a dendogram with two major beach sand types namely terrigenous and marine sand types. Each
sand type were further subdivided into two and was characterized through discriminant. The terrigenous sand type was subdivided into
allumino-silicate characterized by SiO,, Al,0; K,O and TiO, and heavy mineral-rich allumino-silicate through high content of Fe,0;,
Cr,0s;, MgO and MnO, while the marine sand type was subdivided into biogenic marine carbonate with high content of CaO and LOI and
halite-rich biogenic carbonate marine sand types with Na,O in addition CaO and LOI. Through stepwise discriminant analysis it was

possible to identify SiO; and Fe,O; as best discriminating geochemical variable for the four sand types by 100%.
Keywords: beach sand, shoreline, geochemical compositions, X-ray analysis.

Introduction. The composition and geochemical
variation of beach sediments is controlled by numerous
components and processes, including source composition,
sorting, climate, relief, long shore drift, and winnowing by
wave action [1, 2, 3,7, 8, 9, 10, 11, 13].

Beaches are exposed to different marine, fluvial, and eolian
processes such as wave and tidal regimes, fluvial discharges
and wind transport among others factors. Furthermore, these
factors control the grain-size and sand composition of the
beaches in terms of mineralogy and geochemistry.

In addition, geomorphological features in the coast may
also have a control in the grain-size, composition and
geochemistry of beaches [14]. For instance, some beaches
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in protected embayments may have coarse grain sizes as
result of little energy and removal of finer sizes offshore
[13]. Furthermore, provenance of coastal sands may be
related to different tectonic settings, as it has been
documented in several papers [4, 10, 12].

Beach sands are generally composed of quartz,
feldspar, other silicates, lithic fragments, and biogenic
material such as shells, and are products of weathering,
fragmentation and degradation.

The present study examines the geochemistry of beach
sand samples collected along the coastal area Abu Dhabi
(Fig. 1). The objective of this study is to classify, characterize
and to infer the provenance of the beach sand.
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Fig. 1. Location map of sampling sites at the study area of Abu Dhabi, United Arab Emirates

1.1 Study area.
The study area is located in Abu Dhabi Emirate (state)
which is the capital and the largest city in the United Arab

Emirates. Abu Dhabi, accounts for 87 percent of the UAE's
total area (67,340 kmz), with an estimated population of
896,751 in 2009. Abu Dhabi generated 56.7% of the GDP
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of the United Arab Emirates in 2008. The UAE is southwest
Asia, boarding the Gulf of Oman and the Arabian Gulf,
between Oman and Saudi Arabia. It is located along
northern, approaching the Strait of Hormuz which is a
central transit point for world crude oil. The UAE lies
between 22°50" and 26°00' north and between 51°00' and
56°25' east. The climate in the UAE is hot and humid in the
summer time, moderate with slight raining in the winter.
The average temperature in the coastal site of Abu Dhabi
Emirates is 43°C between May and September, and 14°C
between October and April.

2. Material and Methods

2.1 Sampling and Analysis

2.1.1 Sampling. 57 beach sediment were collected
from the study area (Fig.1). Sampling was manually
conducted from the coastal sites under the condition (10-
15 cm in length and 5.5 cm in diameter). Handling the soil
samples followed the 1981 EPA/CE-81-1 protocol [15]. The
collected samples were taken in polyethylene bags and
transported in sample container 3-4 hours after collection
for various analyses.

Sample analyses were run out by the Acme Labs,
Canada, and Central analytical Facilities, Stellenbosch
University, South Africa.

2.1.2 XRF Analysis. Samples are crushed into a fine
powder (particle size <70 ym) with a jaw crusher and milled
in a tungstencarbideZibb mill prior to the preparation of a
fused disc for major and trace elements analysis. The jaw
crusher and mill are cleaned with clean uncontaminated
quartz between 2 samples to avoid cross contamination.
Glass disks were prepared for XRF analysis using 10 g of
high purity trace element and Rare Earth Element-free flux
(LiBO2 = 32.83%, Li,B4O7=66.67%, Lil=0.50%) mixed
with 1 g of the powder sample. Whole-rock major element
compositions were determined by XRF spectrometry on a
PANalyticalAxiosWavelength Dispersive spectrometer at
the Central of Analytical Facilities, Stellenbosch University,
South Africa. The spectrometer is fitted with an Rh tube
and with the following ganalyzing crystals:LIF200, LIF220,
PE 002, Ge 111 and PX1.

The instrument is fitted with a gas-flow proportional
counter and a scintillation detector. The gas-flow proportional
counter uses a 90% Argon-10% methane mixture of gas.
Major elements were analyzed on a fused glass disk at 50 kV
and 50 mA tube operating conditions. Matrix effects in the
samples were corrected for by applying theoretical alpha
factors and measured line overlap factors to the raw
intensities measured with the SuperQP Analytical software.
The concentration of the control standards that were used in
the calibration procedures for major element analyses fit the
range of concentration of the samples. Amongst these
standards were NIM-G (Granite from the Council for Mineral
Technology, South Africa) and BE-N (Basalt from the
International Working Group).

2.1.3 Inductively Coupled Plasma (ICP) Analyses.
Samples were prepared by digestion with a modified Aqua
Regina solution of equal parts concentrated HCI, HNOs3,
and DI HyO, for one hour in a heating block of hot water
bath. Samples were made up to volume with dilute HCI,
then sample splits of 0.5g, 15 g or 30 g were analyzed
(Geochemical Aqua Regia Digestion). In addition
(Lithogeochemical whole Rock Fusion) was applied to
prepare sample by mixing with LiBoy/LiB,O7 flux crucible
are fused in a furnace, the cooled bead is dissolved in ACS
grade nitric acid. Loss on ignition is determined by igniting
a sample split then measuring the weight loss, total carbon
and sulphur are determined by leco method (Group 2A).
Sample analyses were run out by the Acme Labs, Canada.

Results and discussion.

Univariate statistics. The mean, standard deviation,
minimum, maximum, values generated from the analysis of
the 57 beach sand samples are presented in Table 1.
Major elements are dominated by CaO and SiO; ranging
between 2281 to 5097 and 266 to 48.35 in
wt.%,respectively. The trace elements are dominated by Sr
and Cr ranging between 560.90 to 7243.60 and 0.001 to
0.11%, respectively. The standard deviation of the beach
sand geochemical composition showed that the sand in the
beach area is not uniform.The variation could be attributed
to difference in their sources.

Table 1
Beach sand samples from Abu Dhabi geochemical descriptive statistics
Variable Mean St.deviation Minimum Maximum

AlL,Oy 2.23 1.09 0.36 4.42
CaO 36.97 7.31 22.81 50.97
Fe 03 0.89 0.42 0.22 2.15
K;0O 0.43 0.20 0.09 0.93
MgO 2.64 1.31 0.80 6.92
MnO 0.02 0.01 0.001 0.03
Na,O 1.43 0.88 0.32 4.90
P,0s 0.05 0.01 0.03 0.09
SiO, 21.23 11.09 2.66 48.36
TiO, 0.13 0.06 0.03 0.27
L.O.l. 33.42 6.24 21.44 44.80
As 2.85 0.78 1.40 5.10

Ba 140.12 58.34 28.00 396.00
Co 4.31 2.05 0.40 12.90

Cr 272.48 182.17 0.001 752.62
Cu 4.04 1.72 1.80 13.50
Nb 2.99 1.20 0.70 6.10

Ni 29.94 22.80 3.50 118.20
Pb 2.26 1.56 0.90 10.40
Rb 14.88 5.13 3.00 24.20

Sr 2434.02 1563.41 560.90 7243.60
Th 1.37 0.50 0.20 2.50
U 2.34 0.84 1.30 4.60
V 29.05 9.53 9.00 47.00
Zn 9.00 5.79 2.00 35.00
Zr 91.14 61.86 11.60 300.10



~ 32~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

Between the major elements significant positive
correlation with Al,O3 was found for K.O (0.93), MnO
(0.90), SiO, (0.87) and TiO2 (0.90), and significant
negatively correlated with CaO (-0.88) and LOI (-0.88).
CaOhass significant negative correlation with all major
elements and significant positive correlation LOI.

Significant correlation was found among heavy metals,

especially Ni/Co (r2=0.76), Co/Th (r2=0.61), Pb/Zn
(r2=0.52), Cu/Zn (r2=0.65), Ni/Zn (r2=0.66), Th/V
(r2=0.84), Nb/V (r2=0.81). Cr;03 is mostly positively

correlated with Fe2O3, MgO, Co, Nb, V, and Zr, indicating
possible heavy mineral minerals and weathering of
chromite enriched rocks (Table 2).

Table 2
Correlation coefficient matrix of different geochemical variables for the beach sands of Abu Dhabi

Al,O,] CaO [Cr,05[Fe,03] K,0 [Mg0O [MnO[Na,0[P,05[SiO, [ TiO, [LOI| As [ Ba | Co [ Cu [ Nb | Ni [ Pb [Ro | Sr [ Th [ U [ V [ zn [ Zr

Zr 1
Zn 1_[0.10
v 1 _|0.23|0.55
u 1_|-0.40]-0.35"|-0.22
Th 1_|-0.44]0.84]0.29° [0.57
Sr 1| -0.72 | 0.60 |-0.70] -0.22 [-0.36"
Rb 1 | -0.86 | 0.74 |-0.64[0.73 | 0.31% [0.34"
Pb 1_|0.10 | -0.11 | 0.10 |-0.20]0.02 [0.52 [ 0.21
Ni 1_| 0.42 [0.29* | -0.18 | 0.17 |-0.30%| 0.23| 0.66 | 0.03
Nb 1_]0.10 [ 0.06 | 0.69 | -0.68 | 0.81 |-0.42[0.81] 0.17 | 0.72
Cu 1| 023 ]0.58 [0.29" [ 0.37" | -0.28* | 0.32* [-0.27*[0.31*| 0.65 | 0.04
Co 1_|0.42 | 0.58 | 0.76 | 0.33" | 0.59 | -0.49 | 0.61 |-0.47 | 0.64 | 0.47 | 0.44
Ba 1 | 0.52 [0.29°[ 0.56 [0.28" | 0.12 | 0.82 | -0.68 | 0.59 |-0.59 | 0.53[0.31* [0.29"
As 1_0.27-0.22-0.09 [ -0.09 | -0.18 | -0.18 [ -0.19 | 0.20 | -0.01 [0.36*| 0.01[-0.17 |-0.12
LOI 1_|0.23[-0.72[ -0.46 | -0.35 | -0.59 | -0.21 [ -0.07 | -0.81 | 0.71 | -0.61 | 0.53 |-0.58] 0.08 | 0.50
TiO, 1_|-0.78[-0.03]0.63 | 0.44 | 0.17 | 0.78 | -0.04 [ -0.08 | 0.71 | -0.71 | 0.80 | -0.37 [ 0.72] 0.08 | 0.50
SiO, 1_|0.76 |-0.96]-0.19| 0.71] 0.38 [0.31* | 0.55 | 0.17 | 0.02 | 0.80 | -0.71 | 0.57 |-0.54 | 0.54 | 0.26 |0.28"
P,0s 1_[0.12[0.33*|-0.16]-0.30"[ 0.19| 0.02 | -0.02 | 0.27* [ -0.26 | 0.03 | 0.16 | -0.14 | 0.31* |-0.09 0.23[-0.03 [ 0.22
Na,0O 1_|-0.12[-0.01[ 0.10 [0.10[0.27* [-0.02| -0.17 | -0.12 | -0.05 | -0.22 | -0.24 [ -0.04 | 0.05 | 0.003 | 0.22 [ 0.06 | -0.20 [-0.16
MnO 1 | 0.07 [0.19]0.76 | 0.84 |-0.81|-0.09]0.62 | 0.48 | 0.24 | 0.61 | 0.11 | -0.03 | 0.69 | 0.60 | 0.65 |-0.31°| 0.61| 0.19 |0.28*
MgO 1_|0.54]0.01 [-0.17[0.28* 0.26 |-0.36]-0.07 [0.28*| 0.55 | 0.36 | 0.28" | 0.50 | 0.24 | 0.28* | -0.19 | 0.20 [-0.02[0.26 | 0.41 | 0.14
K,0 1_[0.19 [0.78] 0.22 [ 0.16 | 0.94 | 0.82 |-0.90|-0.08]0.70 | 0.31* | 0.26 | 0.54 | 0.06 | -0.06 | 0.80 | -0.70 | 0.62 | -0.46]0.57 | 0.19 |0.22
Fe,05 1_|0.56]0.82 [0.82]-0.09| 0.03 | 0.66 | 0.63 |-0.72[-0.14 0.70 | 0.31* | 0.26 | 0.54 | 0.06 | -0.06 | 0.80 | -0.70 | 0.62 | -0.46 | 0.54| 0.19 | 0.22
Cr,0; 1| 0.72 [0.26] 0.59 [ 0.48 |-0.27*| 0.07 | 0.44 | 0.48 |-0.50]-0.23[0.35| 0.65 | 0.21 | 0.58 | 0.39 | 0.41 | 0.38 | -0.39 | 0.43 |-0.30°[ 0.47 | 0.22 | 0.65
Ca0 1_[-0.46-0.74 [-0.93]-0.47[-0.81]-0.20 [-0.07 [ -0.94 [ -0.78 [ 0.92[ 0.10 [-0.71] -0.46 | -0.38 | -0.55 | -0.26 | -0.03 [ -0.78 | 0.66 | -0.59 | 0.44 |-0.58]-0.32"|-0.26
AL,O;| 1 |-0,88]0.31*] 0.67 |0.93]0.30%[0.90 | 0.16 | 0.23 | 0.87 | 0.90 |-0.88]-0.05] 0.69 | 0.37 | 0.27* | 0.63 | 0.03 | -0.09 | 0.78 | -0.71 | 0.70 |-0.39|0.65] 0.16 | 0.22

CaO0 is positively correlated with LOI, Sr, U and As, while it
is negatively correlated almost all the major, minor and trace
elements, thus pointing that strontium, uranium and arsenic
originate from the sea and not from the continent.

The combination of cluster and discriminant analysis
was used in order to classify and characterise beach sand
into geochemically homogenous groups. Cluster analysis
was used to classify the beach sand, while discriminant
analysis was used to characterise and differentiate the
groups created through cluster analysis.

Cluster analysis (CA) was used to group the similar
sampling sites (spatial variability) and to identify areas of
similar geochemical composition or contamination [5, 6, 16,
18, 19, 20].

Hierarchical agglomerative cluster analysis was performed
on major rock-forming elements using Ward's method with
Euclidean distances as a measure of similarity. The results
was presented as a dendrogram (Fig. 2) where all fifty-seven
beach sand samples were grouped into four groups.

To geochemically characterise and differentiate the four
beach sand groups created through hierarchical cluster

analysis a linear discriminant analysis techniques was
used. The maximum number of discriminant functions is
either one less than the number of groups or equal to the
number of the predictor variables. A three-group
discriminant function was computed using the major rock-
forming elements (Table 3 and 4).

As for the interpretation the combination Tables 3 and 4
were used to pinpoint geochemical elements that
characterise each of the beach sand type. Function one,
highly positive correlated with SiO,, K;O, Al,O3; and TiO»
and negatively correlated with LOI and CaO, separated
terrigenous from biogenic marine beach sand. Beach sand
4 and 1 are characterised by high SiO,, K;O, Al,Os; and
TiO2 indicating a terrigenous source, while beach sand 2
and 3 are enriched with LOI and CaO, identifying biogenic
marine carbonate. Function two highly positively correlated
with Fe;03, Cro03, MgO and MnO, categorize sand type
four for an ophiolite source for this sand type differentiate it
from sand type two as silico-feldspathic group. Function
three separate sand type three from the other three sand
type as halite.

Table 3
Three discriminant group function Structure Matrix
Function
1 2 3
Sio, 747 426 -.066
L.O.l -.671 -.102 .625
Ca0o -.552 -.038 -.044
K,0 492 .342 .158
Al,0; 405 -.054 .038
TiO, 279 -.218 145
Fe;0; .291 -.648 -.039
Cr,0; 139 -.493 -.109
MgO .100 -.457 -.027
MnO .302 -.306 .057
P20s .010 .004 -417
Na,O .004 162 .397
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Fig. 2. Dendrogram showing cluster result for the beach sand of Abu Dhabi, United Arab Emirates
Table 4
Function at group centroid
Functions at Group Centroids
Beach sand types 1 Fungtlon 3 Name of the Sample
1 3.184 -.807 -.227 1,4,7,9, 14,16, 18, 22, 25, 27, 28, 29, 30, 31, 42, 43, 44,
49, 51, 53 and 56
2 -6.065 406 -.321 2,6, 11,23, 24, 26, 32, 33, 35, 36, 38, 39, 40, 54 and 57
3 -1.189 -.123 .661 3,5,8,12,13,17, 20, 21, 37, 41, 45, 46, 47, 48 and 52
4 6.991 2.115 -.053 10, 15, 19, 34, 50 and 55
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The Table 5 provides element concentrations for the
different sand types.

Beach sand groups classified through cluster analysis
are correctly by 100%. Fig. 3 below is a discriminant plot
representing the first two discriminant functions for the
beach sand of Abu Dhabi. Unstandardized canonical
discriminant functions evaluated at group means.

Since the direct discriminant function method does not
show the importance of the individual geochemical variables

for the description of classified groups, or their importance in
the classification itself, a stepwise discriminant method should
be considered [17]. In this method variables are selected
through a statistical test to determine the order in which they
are entered or removed into the analysis. At each step the
element which yielded the best classification was entered.

In this SiO, and Fe;O3 were the best discriminating
geochemical variables, separating the four beach sand up
to 100% as shown Fig. 4

Canonical Discriminant Functions

Function 2

=

o

Fe203, Cr203, MgO, MnO

Beach sand types

Alluminosilicate

@ with heavy mineral
sand

o Biogenic
carbonate sand
Biogenic

A carbonate with
halite sand

¢ Alluminosilicate
sand

B Group Centroid

T
-10

T T T T
-5 o ] 10

LOl,Ca0 Function1 Si02, K20, Al203, TiO2
Fig. 3. Two-function discriminant plot showing the abundance of elements in each beach sand type

The element concentrations for the different sand types .

Table 5

silico-feldspathic sand Biogenic marine Biogenic marine Carbonate silico-feldspathic
with heavy minerals (1) Carbonate sand (2) with Halite sand (3) sand (4)
AlL,O3 2.94 0.90 1.99 3.68
Ca0 32.16 46.18 38.74 25.94
Cr,03 0.06 0.02 0.04 0.04
Fe,O3 1.24 0.41 0.81 1.05
K0 0.53 0.19 0.38 0.78
MgO 3.43 1.79 2.55 2.33
MnO 0.02 0.004 0.01 0.03
Na,O 1.25 1.40 1.64 1.74
P,0s 0.05 0.05 0.05 0.05
SiO, 27.84 7.33 18.06 40.98
TiO, 0.17 0.07 0.12 0.18
L.O.l 29.02 41.08 35.87 23.52
Ba 163.57 86.64 132.60 220.33
Co 5.70 3.11 3.79 4.22
Nb 3.63 1.95 2.98 3.57
Rb 17.71 9.44 14.35 20.95
Sr 1621.29 3967.18 2449.83 924.80
Th 1.64 0.97 1.33 1.60
U 2.04 3.01 244 1.55
\ 34.95 21.93 28.00 31.00
Zr 105.93 70.46 88.67 107.00
Y 7.65 4.28 6.47 7.62
Mo 0.94 0.87 0.82 0.50
Cu 4.92 3.35 3.62 3.97
Pb 2.80 2.27 1.69 1.97
Zn 10.91 6.93 8.40 9.50
Ni 39.20 24.29 25.17 27.03
As 2.74 2.99 3.1 2.45
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Fig. 4. Scatterplot of SiO, and Fe,0;

Conclusion. The determination of beach sand type of
Abu Dhabi using combination of cluster and discriminant
analysis shows that the beach sands are from either
terrigenous or marine sources as indicated by dendogram
produced cluster analysis. Each of the two sand types can
be further classified into two. Linear discriminant analysis
was used to geochemically characterise each of the four
sand types. The terrigenous sand can be subdivided into
allumino-silicate characterised by SiO,, AlOs;, KO and
TiO2 and heavy mineral-rich allumino-silicate with high
content of Fe2Os, Cr.03, MgO and MnO. The biogenic
marine beach sand can be subdivided into carbonate-rich
identified with their high content of CAO and LOI, and
halite-rich marine sand with high content of NaO.

Through stepwise discriminant analysis it was possible
to identify that SiO, and Fe;Os; are best discriminating
geochemical variables up to 100%. A scatterplot of these
two variables was also produced.
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FEOXIMIYHA KNACU®DIKALIA TA XAPAKTEPUCTUKA MIAXKHUX NICKIB ABY OABI,
OB'€AHAHI APABCBKI EMIPATU: MOEAHAHHA KITACTEPHOIO TA AUCKPUMIHAHTHOIO AHANI3IB

Cmammsi npucesiyeHa aHanisy ximiyHoz2o cknady nicky Ha nnsikax A6y-[a6i. B npoyeci po6omu n'smdecsim cim 3pa3kie i3 niwjaHux nnsxie
6yn10 sidi6paHo e3doex 6epezoeoi niHii A6y-Lab6i, 06'cdHaHi Apabecbki Emipamu (OAE). Ixriii 2eoximiunuil cknad 6ys1o eusHa4eHo i3 gukopucmaH-
HSIM peHmeeHiecbko2o ¢hiyopecyeHymHo20 aHanisy. lloeOHaHHs1 knacmepHo20 ma AUCKpUMiHaHMHO20 aHanisie 6yno 3acmocoeaHo Ons Knacu-
¢pikauii ma eusHa4yeHHs1 xapakKmepHUX O3HaK niwjaHux nnspkie. KnacmepHuli aHani3 npoeedeHO 3 8UKOPUCMaHHSAM OeHOpoz2paM, eu3HayeHo dea
OCHOBHi munuu niwaHux nnspkie, a came 3 mepu2eHHUM i MopcbkuM nickom. Koxxen mun nicky 6yno dodamkoeo nodineHo Ha dea knacu Ui oxapa-
Kmepu30oeaHo 4Yepe3 OuckpumiHaHmu. TepuzeHHuli mun nicky nodineHo Ha asroMocusiikam, sikuli xapakmepu3yembcsi emicmom SiO,, Al,0;, K,0 i
TiO,, i saxkul nicok, 6acamuli Ha MiHepanu cunikamy 3 eucokum emicmom Fe,0;, Cr,0; MgO i MnO. Mopcbkkuli mun nicky nodinssemscsi Ha 6io-
2eHHO-MopCbKuli Kap6oHamHuli 3 eucokum emicmom CaO i LOI, a makox nicok, 6aezamutli Ha 6io2zeHHi Mmopcbki kap6oHamu 3 Na,O, Ha doda4y 0o
CaO i LOI. 3a donomozoro cmyniH4acmo2o AUCKpUMiHAHMHO20 aHasi3y eu3HayeHo, wjo SiO, i Fe,0; € OCHOBHUMU 2e0XiMiYHUMU 3MiHHUMU Onsi
knacudpikayii yomupbox munie rnicky.

Knroyoei cnoea: nnsukHi nicku, y36epexksi, 2eoximiyHuUll cknad, peHmeaeHiecbKul aHani3
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FTEOXMMUYECKAA KNACCUDPUKALINA N XAPAKTEPUCTUKA MIAXHOIO NECKA ABY [IABM,
OB bEANHEHHbLIE APABCKUE SMUPATbI: COYETAHUE KINACTEPHOIO U AMCKPUMUHAHTHOIO AHAJIU3A

Cmambsi nocesiweHa aHanu3ly XuMu4yeckoao cocmaea rnecka Ha nnsbkax A6y-fabu. B npoyecce pabomsl nsmbdecsim ceMb o6pa3yos 6binu
omo6paHbI ¢ necyaHbIx nisxel edonb 6epezoeoli nuHuu Aby-labu, O6LeduHeHHble Apabckue Imupamsi (OAJ). Ux 2zeoxumuyeckuli cocmae 6bis1
onpedersieH ¢ ucnonbL308aHUEM PEHM2eHOBCKO20 hIIH0OpPecyeHyMHo20 aHau3a. CoyemaHue KiacmepHo20 u OUCKPUMUHaAHMHO20 aHanu3a 6110
npumeHeHo Ons knaccugukayuu u onpedesieHusi xapakmepHbIX Yepm fec4aHbix nasxel. KnacmepHbili aHanu3 npoeedeH ¢ UCMO/Ib308aHUEM
deHdpozpamm, onpedesieHbl d8a OCHOBHbLIX MuMa fnecYyaHbIX MisHkel, a UMEHHO C Meppu2eHHbIM U MOPCKUM neckoM. Kaxdbili mun necka 6bin
dononHumensHo nodpa3desieH Ha 0ea Kylacca U oxapakmepu3oeaH rnocpedcmeom OUCKPUMUHaHMbI. Teppu2eHHbIlU mun necka nodpa3sdensiemcsi
Ha anoMocusiukam, Komopablil xapakmepu3yemcsi codepxaHuem SiO,, Al,0;, K,0 u TiO,, u mspKkenbili necok, 6o2amsil cunukamHbIMU MUHepanamu
c ebicokum codep)xaHuem Fe,0; Cr,0;, MgO u MnO. Mopckoli mun necka nodpa3desisiemcsi Ha 6uo2eHHO-MOpPcKol Kapb6OHamHbIl C 8bICOKUM
codepxaHuem CaO u LOI, a makxe necok, 60o2zamsbili 6uo2eHHbIMU MOpPCcKUMU Kap6oHamamu c¢ Na,O, dononHumensHo k CaO u LOl. C nomouwibto
cmyneH4Yamoao OUCKPUMUHaHMHO20 aHanu3a onpedeneHo, 4mo SiO, u Fe,0; s18/15110Mcsi OCHOBHLIMU 2€0XUMUYECKUMU NepeMeHHbIMU 0111 Knac-
cugpukayuu Yemsbipex murnoe rnecka.

Knroyeenie crioea: nnsikHble necku, nobepexnse, 2e0XUMUYeCKUl cocmas, peHmaeHo8cKul aHanus.



