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ABSTRACT. Results from a remote sensing study on the spectral reflectance of intermediate igneous rocks in the visible and near infrared spectral ranges of the
electromagnetic spectrum are presented. The spectral data were obtained in laboratory by means of the multichannel spectrometer of high spectral and spatial
resolution which was developed by scientists from STIL — BAS. Spectrometric measurements were carried out on characteristic intrusive and volcanic representatives
of intermediate rocks that were generated in different depth facieses. Specimens of diorite and andesite, monzonite and latite, and syenite and trachyte were put side
by side. To discriminate the rock specimens by spectral features a method based on statistical techniques such as Student's t-criterion, cluster analysis and
discriminant analysis was developed and applied to their spectral reflectance characteristics. There were found statistically significant differences between the
averaged spectral reflectance characteristics of the classification groups of intermediate basic rocks as well as between the spectral reflectance characteristics
belonging to a classification group. By spectral features there were discriminated at a statistically significant level of confidence the main rock-forming minerals. The
investigations were aimed as well to help in revealing the influence of texture peculiarity and variations of the chemical and mineral composition of rock specimens on
their spectral features.
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PE3IOME. MpoBefieHn ca excnepuMeHTI 3a AUCTaHLMOHHO U3CNeiBaHe Ha OTpaxaTenHaTa cnocoBHOCT Ha MarMeHy ckanu, popMUpPaH B Pa3nuUHI SbABGOUMHHN
haumecy. MoaGpaHu ca 06pasLy Ha XapakTepHN UHTPY3UBHU W BYMKAHCKW NPeSCTaBUTENM HA CPeAHOBA3MIHY MarMeHI Ckanu:c HopMarnHa 1 MoBuLLEHa ankanHoCT:
AVOPHT - aHAE3NT; MOHLIOHUT — NATUT M CUEHUT - TpaxuT. CrekTpasHuTe JaHHW Ca Mofy4eHin B NaBopaTopHU YCrOBIUS C MHOTOKAHANEH CTIEKTPOMETBP C BUCOKU
CrieKTTpanHa 1 MpoCTPaHCTBEHA PA3menATeNnHW CrocoGHOCTM BbB BuaMMaTa W Gnuskata wHpadepseHa 06NMacT Ha eNeKTPOMArHUTHUA CnekTbp. 3a
pasrpaHUyaBaHe Ha ckarHuTe NofKNIACcoBE MO CMEKTpaHU MpuaHaLy e NpunoxeHa paspaboTeHa oT Hac MeToauKa. Bbpxy AaHHUTe 3a oTpaxaTenHata cnocoGHOCT
Ha CKanuTe (CneKTpanHu oTpaxaTenHy XapakTepuCTUKM) ca MPUMOXEHU CTAaTUCTUYECKU MeToay (t-kputepuit Ha CTIOLBHT, KITbCTEPEH aHanu3, AUCKPUMUHAHTEH
aHanu3 v [ip.) 3a yCTaHOBAABaHE Ha CTATUCTUYECKaTa JOCTOBEPHOCT Ha PasiukmTe Ha OCPEAHEHUTE CMIEKTPAMHI OTPAXATESHU XapaKTePUCTUKIA B U3BPaHI AbIKIHU
Ha BbHUTE, PABHOMEPHO PasnpederneHu B U3CTeABaHUs CTIeKTpasieH AvarnasoH. VacneasaHusATa ca HACOYeHM U KbM YCTaHOBSIBaHE Ha 3aBMCMMOCTUTE Ha
CMIeKTpasHUTE MPU3HALYM OT TEKCTYPHUTE OCOBEHOCTW U BapuaLMuTE B XUMUYHUS W MUHEpaneH CbCTaB Ha WM3criefBaHUTe obpasuy, KakTo 1 3a W3non3saHe Ha
CMIeKTpasnH1Te NPpU3HaLY 3a pasrpaHuiaBaHuTo UM.

Introduction Successful interpretation of such remote spectral analyses is
relying on spectral reflectance studies in laboratory. Spectral
The modern methods of remote sensing of Earth find an reflectance is a consequence of the chemical composition and
increasing field of applications for protection and rational use of ~ Structure of the studied material which often become modified
earth resources and monitoring of environment (Clark, 1999; by environment, as well as the physical conditions. In the
Rowan et al., 2003; Wu et al., 2004). They afford large scale visible and NIR regions the gathered information is a
research and continuous incoming of regional and global consequence of variations of the reflectance due to electronic
information for the ongoing processes on the Earth. By remote and vibrational processes.
sensing data it could be determined the localization, character, . _ .
variability and changeability of natural formations and natural The collection and analysis of reflectance spectra of different
resources as well as of anthropogenic objects (Avery and rock units is finalized with creation of a spectral library. lts
Berlin, 1992; Salisbury and D'Aria, 1994; Kruze, 1995; Clark et purpose is to feed a system for analysis of remote sensing
al., 1999; Berger et al., 2003) data to perform image calibration and to provide means for a

reliable geologic interpretation (Salvi et al., 1997). Most often
Lithologic recognition and mapping is one of the primary the spectral library is composed from reflectance data obtained

tasks of oriented to geology remote sensing. Remote in laboratory on mineral samples which yield very sound
spectrometric measurements in the visible and near infrared grounds for the application of both deterministic and statistic
(NIR) regions are an important method for mineralogical techniques of image analyses.

analyses of Earth surface (Kuung-Kuk Kang et al., 2001).
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In our recent studies we presented spectral reflectance
characteristics (SRC) of particular representatives of igneous,
sediment and regional metamorphic rocks of different genesis,
chemical and mineral composition (Krezhova et al., 2003a;
Krezhova and Pristavova, 2003). Studies were conducted as
well on the influence of structure-texture peculiarities of some
rock specimens on their SRCs (Krezhova et al., 2003b;
Krezhova et al, .2004) by applying statistical and deterministic
methods for analysis.

The objective of this work is to present the efficiency of
spectral remote sensing and the applied method based on
statistical techniques for discrimination of rock types and their
mineralogical diversity by spectral features.

Materials and methods

The object of investigation in the present work is intermediate
igneous rocks with normal and raised alkalinity. Intrusive and
volcanic representatives of this group of rocks were studied,
namely diorite - andesite, monzonite - latite, and syenite -
trachyte. The rocks possess a close chemical and mineral
composition with differences expressed primarily in the
percentage of main rock-forming mineral constituents owing to
raised content of alkali (Naz0, K20) in the group of monzonite
and syenite. By structural characteristics there is a distinct
discrimination  of the intrusive from the volcanic
representatives. The intrusive rocks diorite, monzonite and
syenite are fully crystalline rocks of massive texture whereas
their volcanic analogues are not completely crystallized and
are built from a porphyry generation and a ground mass of
volcanic glass.

Petrographic characteristic of the rock specimens under
investigation

Diorite - very deep grey in color, fine-grained with massive
to spotted in places structure. Very fine light greenish epidotic
veinlets crosscut the sample. Texture - hypidiomorphic. Mineral
composition - medium plagioclase (labradore - andesine),
rhombic pyroxene, amphibole, biotite, quartz (single grains);
accessories - sphene, apatite and zircon.

Andesite - dark green porphyry rock with massive structure.
Texture - porphyritic on plagioclase and amphibole; ground
mass - pilotaxitic. Mineral composition - porphyritic generation
of plagioclase (labradore - andesine), rhombic pyroxene,
amphibole and cryptocrystalline mass with microlites of
plagioclase.

Monzonite - deep grey in color, medium to coarse grained
rock with massive texture. Texture - hypidiomorphic,
monzonitic. Mineral composition - medium plagioclase
(andesine), K feldspar, amphibole, biotite, rhombic pyroxene,
and quartz as single grains; accessories - sphene, apatite and
zircon.

Latite - deep reddish in color, slight porous with porphyry
character. Texture - porphyry on plagioclase (mainly) and
amphibole, in the ground mass - trachytic. Mineral composition
- porphyritic generation of plagioclase (andesine), rhombic
pyroxene, amphibole and cryptocrystalline mass with microlites
of plagioclase.
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Syenite - grey, grey-pinkish in color, medium grained rock
with massive structure. Texture - hypidiomorphic, poikilitic.
Mineral composition - medium plagioclase (andesine), K
feldspar, amphibole, biotite, quartz as single grains;
accessories - apatite, sphene, and zircon.

Trachyte - deep grey in color with large in size whitish
porphyry of K feldspar. Mineral composition - porphyritic
generation of K feldspar (sanidine), single crystals of
plagioclase  (andesine), biotite and amphibole, and
cryptocrystalline mass with microlites of K feldspar.

Data acquisition

Spectral data for the radiation reflected from the rock
samples were obtained using a multichannel spectrometer of
high spectral and spatial resolutions in the visible and NIR
ranges of the electromagnetic spectrum. The spectrometer
was developed by scientists and specialists from the Solar
Terrestrial Influences Laboratory for carrying out spectral
remote sensing investigations of natural formations, the
atmosphere of Earth, and the World Ocean from the orbital
space station “MIR” (Mishev et al., 1989; Mishev et al., 1990;
Mishev et al., 1999; Krezhova, 2002; Krezhova, 2003). In the
last years the multichannel spectrometer was used in research
on natural objects (rocks, sands, vegetation, grunts) aimed to
complement and to enrich the existing database of spectral
characteristics for main classes of objects and to study the
influence of different factors (natural and anthropogenic) on the
reflective power of the objects (Yanev et al. 2000; Krezhova et
al., 2004). The conditions for carrying out the spectrometric
measurements were also analyzed with the intention to
improve the techniques for measuring reflectance specific to
the classes of objects under investigation and to help in better
performance of future spectrometric systems.

The spectral measurements were performed in laboratory
with the spectrometer operating in the mode of 128 spectral
channels at a halfwidth of 2.6 nm each and spatial resolution of
2 mm2 in the spectral range 480810 nm. The rock samples
are placed on a movable platform at a distance of 2.5 m from
the spectrometer. The surface examined of each specimen is
set perpendicular to the optical axis of the spectrometer. The
time of registration of one spectrum is 25 ms at a spectrometry
rate of 40 spectra per second. As a source of light three
halogen lamps are used of 250 W of power each and the
diffuse light scattering standard is a white screen covered with
a layer of barium sulfate.

For each sample under investigation there were recorded
data (spectra) for the reflected by on average 30 measured
areas located in succession along a horizontal line. For each
area there were collected on average 50 spectra. These data
were accompanied with data for the dark current and the
reflected by the standard screen radiation (100 spectra on
average). For determination of the spectral reflectance
coefficients at each channel which form the spectral
reflectance characteristics the recorded data undergo a
preliminary treatment. It involves averaging over the spectra of
each pixel, taking into account of the dark current and referring
the data to the reflected by the white screen radiation.



Methods
To assess the statistically significance of differences

between the spectral reflectance characteristics of the rock

specimens we applied the method developed in our previous

work (Krezhova et al., 2005) which is based on statistical

techniques. The algorithm implemented here for data analysis

involves the following steps:

a) Use of a priori mineralogical information about the
specimens examined;

b) Analysis of the SRC course in dependence on
wavelength;

c) Formation of a SRC data set at selected wavelengths for
further analysis;

d)  t-criterion of Student;

e) Cluster analysis (CA);

f)  Discriminant analysis (DA).

Steps in points a) and b) provide the possibility to select a set
of wavelengths and to execute point c). The selected SRC data
set is further used for performing of CA and obtaining at first
approximation of a set of clusters of the pixels examined of
each one of the specimens or the pixels belonging to one
specimen (depending on mineral composition). The belongin of
the pixels of the specimens to different clusters is used to
design the grouping variables necessary to perform DA.
Initially DA is performed only at a particular wavelength. In
case that the number of incorrectly classified pixels is
unacceptably large the DA is performed at combinations of two
or more wavelengths. Finally, the DA assigns posterior
probabilities to each of the pixels and determines the
classification accuracy. Incorrectly classified pixels may be
used for further updating.

Results and discussion

The average SRCs of the rock specimens examined are
presented in Fig. 1. Two basic groups of spectral
characteristics are distinctly differentiated. Among the curves

of the first group fall the SRCs of rocks with normal
alkalescency, diorite - andesite, and to the other group belong
the SRCs of rocks with the raised alkalescency, monzonite -
latite and syenite - trachyte. The differences between the
average values of spectral reflectance coefficients of the rocks
from the two groups at five wavelengths, which were selected
to be distributed evenly in the working spectral range (550.2
nm, 599.6 nm, 649 nm 701 nm and 750.4 nm) are statistically
significant at a level of confidence p<0.05 on the basis of the t-
criterion of Student.

The intermediate rocks of normal alkalinity represented by
diorite and andesite display the lowest reflective power. Their
average spectral reflectance characteristics (curves 5 and 6 in
Fig. 1) exhibit a similar course. The spectral reflectance
coefficients of the average SRC of diorite are lower due to its
darker color. For both specimens, no subclasses are
discriminated by spectral features. This is reasoned by the
fine-grained consistency of diorite and the fine porphyritic
character of andesite. The grain size of the rock-forming
minerals is lower than the spatial resolution of the multichannel
spectrometer due to which their color characteristics merge.

For the group of intermediate rocks of raised alkalinity the
pairs of monzonite - latite and syenite -trachyte, the average
SRCs closely corresponded with their  petrographic
peculiarities. The intrusive rocks monzonite and syenite exhibit
a similar course of the SRCs, curves 3 and 1 in Fig. 1,
respectively, with the average SRC of syenite being of higher
intensity of reflected radiation over the whole spectral range.
This is due to the higher content of K feldspar (pale pinkish).
The average SRC of the volcanic rock trachyte (curve 4 in
Fig. 1) have a similar course with that of its intrusive analogue
syenite and a lower reflective power because of the more
satiated grey color of the ground mass. The course of the
average SRC of latite (curve 2 in Fig. 1) differs from that one of
the intrusive analogue - monzonite because the ground mass
is strongly modified. The latter contains minerals and iron
hydroxides bringing its color deep red-brown.
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Among the SRCs of the examined areas of the specimen of
monzonite there were discriminated two subclasses that
correspond to macroscopically observed salic minerals
(feldspars - light grey, subclass 1) and femic minerals (mainly
amphibole - dark green, subclass 2). Fig. 2 shows the
corresponding average spectral characteristics. In the SRCs of
syenite there were separated three subclasses corresponding
to the femic minerals (dark green, subclass 3), plagioclases
(light grey, subclass 2) and K feldspar (pale pink, subclass 1).
The average SRCs of the subclasses are displayed in Fig. 3.
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Among the SRCs of the volcanic representatives of rocks,
the group of latite and trachyte, in each one of the specimens
there were clearly differentiated two subclasses that differ by
both the SRC course and intensity, and correspond to the
porphyric feldspar generation (subclasses 1) and the ground
mass (subclasses 2). Fia. 4 and Fig. 5 show the average SRCs
of the two subclasses in 2 and trachyte, respectively.
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Table 1

Number of incorrectly classified pixels after performance of discriminant analysis of the SRCs of the rock specimens examined

Wavelength, nm Specimen Specimen Specimen Specimen
syenite monzonite trachyte atite
3 clusters (32 2 clusters (31 2 clusters (28 2 clusters(29
pixels) pixels) pixels) pixels)
550.2 4 1 3 3
599.6 6 0 0 1
649.0 6 1 0 0
750.4 6 2 0 3
All wavelengths 2 0 0 0

Making use of points a) and b) we have chosen four
wavelengths at which the Student's t-criterion and CA were
performed (Statistica package, 1995). As the SRC course was
monotonous in the visible spectral range, the first three
wavelengths were chosen to be equidistantly disposed (550.2,
599.6 nm, and 649.0 nm).The fourth wavelength was chosen
to be approximately in the mid of the NIR range (750.4 nm)
because most of SRCs within this range were almost parallel.
The t-criterion indicated that at these wavelengths the average
SRC of the specimens of different types differed statistically
significant at p<0.05. The a priori information concerning the
mineralogical diversity of the specimens examined and the
results based on the SRCs have suggested the number of
clusters which should be used as input for CA (usually 2
clusters). It turned out that only in the case of the syenite
specimen more than 2 clusters (namely 3 clusters) were
expected. DA was performed and the results are set out in
Table 1. As it is seen if DA is performed at only one particular
wavelength the best results are obtained at 599.6 nm and
649.0 nm.

Making use of all four wavelengths under consideration (a
four dimensional space for classification) only for the specimen
of syenite there remained two incorrectly classified pixels. In all
other cases no incorrectly classified pixels were observed.
Moreover posterior probabilities higher than 90% were
assigned as a rule to the correctly classified pixels.

DA revealed that classification with less than two clusters
and more than three clusters worsened the accuracy of DA
classification, i. e. SRC of the specimens under consideration
and the algorithm applied not only confirmed the expected
mineralogical diversity but assigned posterior probabilities to
the classification results. In addition the proper wavelengths for
performing the classification were marked. Anyway, the last
result should be checked over a larger amount of specimens in
order to fill in a SRC database for assessment of the
mineralogical diversity of different specimens in combination
with the traditional mineralogical methods.

Conclusions

It was demonstrated that spectral remote sensing of natural
objects by applying high resolution multichannel spectrometry
and statistical techniques provides the reliable recognition of
representatives of intermediate igneous rocks of normal and
raised alkalinity by spectral features.
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In addition, the SRCs of rock specimens and the statistical
methods herein used provide the possibility the mineral
diversity of different specimens to be assessed and classified
at a satisfactory statistical significance. The results obtained
may be used to design a database and to continuously
improve it by adding to it results from new specimens.

Acknowledgments. The financial support by the Bulgarian
National Fund for Science under grant NFNI CC-1404/2004 is
gratefully acknowledged.

References

Avery, T. E.,, G. L. Berlin. 1992. Fundamentals of Remote
Sensing and Airphoto Interpretation. New York, Macmillan,
377-404.

Clark, R. N. 1999. Spectroscopy of Rocks and Minerals and
Principles of Spectroscopy: in Remote Sensing for the
Earth Sciences. Manual of Remote Sensing. 3rd Ed., Vol.
3, Ch. 1, John Wiley and Sons, Inc., 3-58.

Clark, R. N. et al., 1999. Tetracorder and expert system feature
identification rules for reflectance spectroscopy analysis: -
VIS to NIR detection of minerals, organics, vegetation,
water, amorphous and other materials. — Proceedings of
8th Airborne Geoscience Workshop, Jet Propulsion
Laboratory, CA, USA.

Krezhova, D., K. Velichkova, S. Pristavova. 2003a. Spectral
reflectance of magmatic and metamorphic rocks in the
visible and near infrared ranges. — Annual of University of
Mining and Geology, 46, 367-372.

Krezhova, D., S. Pristavova. 2003. Spectrometric investigation
of texture features of igneous and metamorphic rocks. —
Proceedings of BPU-5 Fifth General Conference of the
Balkan Physical Union, Vrnjacka Banja, Serbia and
Montenegro, 1365-1370.

Krezhova, D., S. Pristavova, K. Velichkova. 2003b. Spectral
Reflectance of some genetic types of rocks. — Tenth
Jubilee National Conference with International Participation
STIL BAS, 20-21 Nov., Sofia, 162-165.

Krezhova, D. 2002. Recognition of natural formations on the
territory of Bulgaria using spectrometric data obtained by
the MIR space orbital station. — Compt. Rend. Acad. Bulg.
Sci., 54,10, 5-10.

Krezhova D. 2003. Recognition of Natural Objects along a
Trace of Earth's Surface by Spectral Reflectance



Characteristics and Photoimages. — Annual of University of
Mining and Geology, 46, 361-365.

Krezhova, D., T. Yanev, S. Pristavova, P. Pavlova. 2004.
Discrimination between rock classes and identification of
mineral  diversity ~ through  spectral  reflectance
characteristics. — 35th COSPAR Scientific Assembly, Paris,
18-15 July 2004, COSPAR04-A-02330.

Krezhova, D., T. Yanev, St. Lukov, P. Pavlova, V. Aleksieva,
D. Hristova, S. Ivanov. 2005. Method for Detecting Stress
Induced Changes in Leaf Spectral Reflectance. — Compt.
Rend. Acad. Bulg. Sci., 58, 5, 517 — 522.

Kruze, F. A. 1995. Mapping spectral variability of geologic
targets using AVIRIS data and combined spectral feature/
unmixing approach. — In: Proceedings AeroSense’95,
SPIE, Florida, 201-210.

Kuung-Kuk, Kang et al. 2001. Reflectance of geological media
by using a field spectrometer in the Ungsand Area,
Kyungsand Basin. — Korean J. Remote Sensing, 17, 2,
165-181.

Mishev, D., S. Kovachev, D. Krezhova, Yu. Uzunov. 1989.
Images and analysis of data obtained by spectrum 256’
under the program ‘Georesource’. — 40th Congress IAF,
Malaga, IAF No 89-167, 1-5.

Mishev, D. N., S. T. Kovachev, D. D. Krezhova. 1990. New
Generation of Space Multichannel Spectrometric Systems.
— Compt. Rend. Acad. Bulg. Sci., 43, 1, 53-56.

Mishev, D. N., Kovachev, S. T., Yanev, T. K., Krezhova, D. D.
1999. The multichannel spectrometric system ‘Spectrum

Recommended for publication by Department of
Applied Geophysics, Faculty of Geology and Prospecting

230

256" onboard the manned space station ‘MIR and
afterwards. — In: 10 Years from the Space Project Schipka
1998, Institute for Space Research, BAS, Sofia, 104-110.

Rowan, L., S. Hook, M. Abrams, J. Mars. 2003. Mapping
hydrothermally altered rocks at Cuprit, Nevada, using the
Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER), a new satellite imaging system. —
Econ. Geology, 98, 5, 1019-1029.

Salisbury, J., D. D’Aria. 1994. Emissivity of terrestrial materials
in the 3-5 um atmospheric window. — Remote Sens.
Environ., 47, 345-361.

Salvi, S., P. Boglio, M. Buongiorno. 1997. A reflectance
spectral library for Antarctic rock types in the range 0.4-2.5
um. — In: The Antarctic Region: Geological Evolution and
Processes, Terra Publ., Siena, 11-1116.

STATISTICA for Windows Rel. 5.0 (Computer program). 1995.
Stat Soft Inc.

Wu, L. X, S. J. Liu, Y. H. Wu, J. Z. Wang. 2004. From
qualitative to quantitative information: the development of
remote sensing rock mechanics (RSRM). — Int. J. Rock
Mech. & Min. Sci., 41, 415-421.

Yanev, T., D. Krezhova, V. Alexieva, Hr. Nikolov. 2000.
Spectral  reflectance  coefficients to early detect
physiological changes in leaves of Zea Mays L. seedlings
treated with herbicides. — Compt. Rend. Acad. Bulg. Sci.,
53, 8, 37-40.



	Binder2
	2-uKrezhova


