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Phosphorus in Granitic Rocks of Colombia’

Andrew B. Vistelius? and Gerardo Botero Arango®

One hundred and three samples of granitic rock taken systematically from the Andean part of
Colombia reveal that the observed variation in phosphorus content reflects the variation
observed for the whole-rock chemical composition. This relationship was established using a
Jorm of trend analysis termed COMTRENA and information-theory statistics. KEY WORDS:
granitic rocks, phosphorus, range number, comparative trend analysis, information-theory
statistics.

INTRODUCTION

The aim of this paper is to investigate the regularities of phosphorus distribu-

tion in granitic rocks in the Andean part of Colombia and simultaneously

. develop some ideas about using trend-surface analysis and the application of
| contingency-table methods.

Samples for the investigation were collected during 1960-1966. The

| treatment of data was accomplished at different times between 1968 and
| 1971.

} INVESTIGATING MATERIAL

i The location and general composition character of granitic intrusions in
| Colombia are shown in Figure 1, which is taken from the geologic map of
. Colombia (Hubach, Radelli and Biirgl, 1962) with some modifications by
G. Botero A. An examination of Figure 1 suggests a correlation between the
structural location of the intrusion and rock composition. Near the Pacific
coast there are quartz diorites; more acidic rocks occur in the central part of
Colombia, and normal granites are located in the eastern part.

We sampled most of the granitic intrusions in the territory (Fig. 1).
| Information about the samples is listed in Table 1. Geographic coordinates
| of the sampled points were taken from the geological map (scale, 1 :1,500,000).

' Manuscript received 8 May 1972; revised 5 July 1972.
* Laboratory of Mathematical Geology, Academy of Sciences, Leningrad (USSR).
* Facultad Nacional de Minas Universidad Nacional (Colombia).
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Figure 1, Location of granitic rock intrusions and sampled points.
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Identification of the rock types was made by two independent investigators.
One set of thin sections was identified, and all rock types were determined
in Medellin. Independently, another set of thin sections from the same samples
were studied in Leningrad. Most of the determinations of rock samples were
in agreement. If, however, determinations were different, they were checked
with additional thin sections. Content of phosphorus in samples was deter-
mined in the Laboratory of Mathematical Geology (Leningrad). Determina-
tions were made by the colorimetric method; a $3x-m photocolorimeter was

used for the analysis.

GEOGRAPHIC DISTRIBUTION OF PHOSPHORUS IN
COLOMBIAN GRANITIC ROCKS

The problem is as follows. We separate some character R, the geological mean-
ing of which, we believe, reflects structure of the region, and determine
values of zx(¢,4), where ¢ and 4 are geographic coordinates in n observation
points. Next, we take some function L(¢,2), the isolines of which for some
special values of its coefficients reveal a typical pattern of arrangement of
£q, and estimate coefficient values by approximation of =g(¢,4) by L(¢,4).
We term L (¢b,4) with estimaters of coefficients obtained from observations, a
response function, and designate it by Lg (¢,4).

We take the same function L (¢,1) and estimate its coefficients with
observed values of the character z,. We make these observations on =, at the
points where 25 (¢,A) was obtained. The function L (¢,4) with parameters
estimated by observed values =, at points =5 (¢,4), we designate as L, (¢,4).
In this manner, we determine the pattern of isolines for L (¢,4), the geological
meaning of which is now clear. We also have the pattern of isolines of L,
(¢,4). If these patterns are similar we say that there is a general reason
determining the behavior of Ly and L,. Because the meaning of L, behavior
is clear, we can use it to interprete the origin of Ly. Comparison of Ly and L,
permits us to use trend analysis in terms of a checking hypothesis, If the
values of z; and =z, are random variables and it is possible to compare Ly and
L, on the same scale, the problem is the application of an appropriate
method of checking the statistical hypothesis (Lehmann, 1959). If =, and
=, are not available for expression at the same scale or if one of the values of
=g OT 2, is not a random variable, it is necessary to develop a special technique
for the solution of such problems. This technique could be termed a compara-
tive trend analysis or, simply, COMTRENA.

In our previous investigations (Vistelius and others 1969), we kept in
mind the pattern of =5 which was obtained from geological considerations. A
similar method was developed by Romanova (1971) in her investigation of
recent sand deposits of Kara-Koom desert. Here we will determine the func-
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tion Ly (¢,4) by a formal operation. However, we do not know by formal
operations how to compare the pattern of an artificially introduced function
Lg (¢,2) with the pattern of L, (¢,4) obtained by observation of phosphorus
content. Therefore, we will compare Ly and L, patterns visually, but in the
future this method should be developed on a formal basis.

DEFINITION OF L(¢,4) AND ALGORITHMS USED

Using COMTRENA requires a definition of L (¢,4). At the moment we
include three requirements for this function. The function should be able to
outline the main geological features for the behavior of =; values. In other
words, the variability of the function over the study area should be rather
high. The function should be investigated mathematically as thoroughly as
possible. Mathematical properties of the function should be well known. The
values of £; and =z, in our investigations are only positive or equal to zero.
Thus, the response-function values should be only positive or equal to zero.

If we investigate different functions, we find that the polynomial approxi-
mation log values of z, and z, is such a function. Really, variability of the
polynomial is sufficient for describing geometrical patterns of geological
ideas. The polynomial also is investigated mathematically rather thoroughly.
If we approximate with polynomial log values, and later return to natural
figures from logarithms, we exclude negative values because our function will
work only with positive numbers. Lastly, it is obvious that the observed
surface of =z, values i1s some solution of an stochastic differentia lequation
which we are not able to determine as yet. But in many instances differential
equations have exponential functions as their solution. Thus an exponential
function such as L (¢,A) is convenient from a general point of view, and
there is reason to believe that, at the moment,

L(¢,4) = exp Pn($,4) (1

is sufficient for our purpose. Here P is a polynomial of order m with geo-
graphic coordinates ¢ and A. Numerous programs for computation of poly-
nomial trend surfaces exist now which can be used for computation of our
L (¢,4), with an additional subroutine for determining log values. Such
subroutines exist at all computer centers.

Calculation of estimaters of coefficients of the polynomial in eq (1) can
be obtained by different methods. Any method is convenient because the
important problem is determining the pattern of isolines and not the behavior
of variance, etc. It is important only that in all instances the pattern of isolines
should express the behavior of z; values but not the result of computer work.
The best method in this instance is the one which guarantees the smallest
change of estimaters of polynomial coefficients with a small change in the
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134 Andrew B. Vistelius and Gerardo Botero Arango

coordinates ¢ and /. In other words, it is desirable that small changes of the
sampling net reflect only small changes in behavior of the isoline pattern.
We used a least-square procedure based on Bauer’s investigations
(1963, 1965) for estimation of coefficients.
The use of a least-square operation for determining a generalized system
of linear equations x minimizes the Euclidean norm of a difference

d—Ax

where £ is a vector of observed values (zz and z, in our situation) and A is a
matrix of the system composed of values of some function of ¢ and 4 in
observation points. Matrix A4 usually has more rows than columns.

The solution for x can be obtained from

ATAx = AT¢ (2)

where T is a sign of transposition.

The main difficulty in solving eq (2) is connected with inverting matrix
AT A because precision is lost in the inversion. This requires a special property
in matrix 4”4 which is termed conditionality. One of the measures of a
conditionality is the Todd number, which is a ratio of the largest eigenvalue
of matrix 474 to the smallest eigenvalue. Investigation of conditionality of
the matrix requires a square matrix A" 4. Obtaining a square matrix from a
rectangular matrix A also results in the loss of precision. Computations for
this paper were based on Bauer’s (1963) procedure for improving the condi-
tionality of matrix 4”4 by optimal scaling. In this situation we were able to
evaluate results of improvement by computing the Todd numbers before and
after optimal scaling. The program for this method was prepared by D. V.
Sharkov (we will call it algorithm B,).

In a recent investigation, Bauer (1965) suggested an algorithm which
avoids using a square matrix. There is a special determination of a mew
orthogonal base in the space-determined independent columns of matrix A.
In this situation eq (2) is replaced by

wWAx = vT¢

where v is a matrix, the columns of which compose an orthogonal base of
columns for matrix 4. The matrix v"4 has better conditionality than matrix
ATA. The program for this situation is published (Graunov and Romanova,
1971), and the algorithm we will term B,. After these preliminary considera-
tions, we are able now to give a clear picture of results in applying COM-
TRENA to our problem.
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Phosphorus in Granitic Rocks of Colombia 135

REGIONAL VARIABILITY OF ROCK COMPOSITION AND
PHOSPHORUS CONCENTRATIONS

It was mentioned previously that computations were made with the algorithm
using A”A with optimal scaling. Todd numbers obtained in the process are
listed in Table 2.

An analysis of the Table 2 indicates that third-degree polynomial trend
surfaces are stable in conditionality of the matrix, and small changes in
coordinate values do not change the isoline pattern. Polynomials of the fourth
order and higher show the matrix to be ill-conditioned, and precision of the
computations can influence the isoline pattern, It is necessary to keep in mind
also that the real configuration is more stable than the configuration obtained
from Todd numbers. Todd numbers indicate stability of a whole functional, but
we are interested only in stability of its geometry in the region of approxima-
tion.

We have discussed that trend-surface analysis can be developed from a
heuristic level to a mathematical level if we introduce Ly (¢,4) and determine
values of 2. In our situation the character =5 should be separated so that its
influence on the phosphorus concentration can be checked. Because we are
interested in elucidating the influence of regional changes of rock composition
on the trend in phosphorus concentrations, we should determine the values
of z5 as some character of the rock composition. Because we had no modal or
chemical analyses of the samples, we used rock names for determination of
zg. It was indicated that the identification of rock type was made carefully.
When all samples were identified, we gave each rock type a range number
associated with the content of silica in the rock. Thus we obtained the follow-
ing range numbers

Rock: rhyolite granite monzonite granodiorite quartz-diorite

range
number: ] 2 3 4 5

Table 2. Todd Numbers for Matrices 4”4 of Normal Systems of Polynomials
from First to Fifth Order for Accepted Sampling Net

Order of the polynomial ] 2 3 4 5
corresponding AT A
Todd number before 1.8x10° 48x10° 1.3x10'% 1.2x10'? 97x10'3

optimal scaling

Todd number after 1.8 x 10¢ 1.9x10 49%10? 2.8 x 10° 2.6x 10¢
optimal scaling
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136 Andrew B. Vistelius and Gerardo Botero Arango

The function L (¢,4) was calculated for z expressed in range numbers.
The function Ly (¢,2) was calculated as a polynomial without log transforma-
tion of =5 because range numbers were determined arbitrarily, and they can
be substituted by any monotone function including log transformation.
Values of L, (¢,1) were calculated as an exponential function (1). We evalu-
ated the most general tendency in changes of =z and z,. For this purpose we
computed estimaters of the function coefficients

La(@.A) = a§®+aP+a
and
Lo(¢,4) = exp (af” +a{"¢ +a5"4)

Isoline functions Lg (¢,4) and L, (¢,4) are plotted on Figures 2 and 3. It is
clear that the isoline patterns for both functions are coincident. Geological

meaning of the patterns is clear. The composition of the rocks and phosphorus
content in these rocks are changing parallel to one another from the boundary
of the Guiana Shield to the coast of the Pacific Ocean. The most acidic rocks
are located near the shield and are poor in phosphorus. Near the Pacific
shore, the rocks are poor in silica and rich in phosphorus. The strike of
rock-range number isolines and phosphorus concentration are close to the
strike of the mountain system.

To reveal detail of rock-range number and phosphorus concentrations
over the territory requires a trend surface of higher order. Because the fourth-
order polynomial trend surface showed only slight instability, we used this
polynomial. We assume that it can be stable in the restricted region of
approximation, and estimated the coefficients of

L(¢,4) = exp Py(¢,4) &)

Figure 4 indicates the isoline pattern for rock-range numbers. Figure 5
gives the isoline pattern of phosphorus concentrations. Because the sampling
net has generated a rather ill-conditioned matrix we repeated the calculations
twice. The thick lines are isolines of eq (3) computed by Sharkov’s program
(algorithm B,). The dotted lines are the results of approximation of the same
function with coefficients estimated by the program based on a rectangular
matrix (Graunov and Romanova, 1971). It is clear that the isolines obtained
by different methods are similar. This indicates that the function is rather
stable within the region of approximation and the picture revealed is real.

Comparison of results in fitting £, and =z, by eq (3) shown in Figures4and
5 indicates that there is some similarity in both patterns. Thus, in northern
Colombia there is a simultaneous increase in the concentration of phosphorus
and decrease in content of silica in the rocks. There is a dominance of acidic
rocks from the southern part of the boundary with Venezuela to Panama,
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and it is the region of low phosphorus concentration. In the western part of
the country the more basic variety of granitic rocks has the highest phosphorus
concentration. The investigation of regional variation of rock composition
and phosphorus concentrations indicates that there are coincident changes
of rock composition and phosphorus concentration. The higher the content
of phosphorus, the more basic the granitic rocks present in the region. If
rocks range from granites to granodiorites, the average content of phosphorus
in these rocks changes from 0.10 percent P,O4 to 0.16 percent P,05. The
picture revealed can be explained by one of the following reasons.

(1) There is a trend in rock composition within the Andes. The more
western parts are rich in the more basic varieties. Independently, there is a
trend in phosphorus concentration; there is a front of phosphatization.
Changes of rock acidity and phosphorus concentration are developed in the
samearea, but their coincidenceis accidental. Forexample, the younger Carbo-
niferous carbonate rocks of the Russian craton are poorer in MgO content
than the older ones. It can be explained by an evolution of primary deposits
connected with evolution of climate. But it also can be explained by metaso-
matical treatment of carbonate rocks—the longer the treatment of carbonates
by brines, the higher the magnesium content.

(2) There is a possibility that phosphorus content in granitic rocks is
connected with composition of the rocks. The more basic varieties are richer
in phosphorus than the more acidic ones. Thus there is a trend in rock com-
position over the territory of Colombia. This trend in rock composition
determines the phosphorus behavior. Thus there is no independent trend in
phosphorus concentration, it is only a reflection of rock composition. In the
next section we will look into the last possibility.

ON CONTINGENCY BETWEEN ROCK COMPOSITION AND
PHOSPHORUS CONCENTRATION

In the previous section it was shown that there is a trend in the granitic rock
composition and phosphorus concentration. In this section we will investigate
a possible relation between rock composition and phosphorus concentration
after elimination of the trends. Residue values, after subtraction of zz and 2,
from L (¢,4) using a fourth-degree polynomial trend surface, are Ay and A,
(Ag are deviations of rock-range numbers from the trend for rock composition,
and Ajp are deviations of observed values from trend values for phosphorus
concentration).

After elimination of trends for z and z,, we obtained two random values
characterized by independent observations. Now, if deviations from trend
values for Ag and for A, show significant contingency, we can assume that the

|
. variation in phosphorus content is connected only with variation in rock
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composition. In other words, we can check the hypothesis of two independent
trends. The subtraction of the trend from the rock-range number permits us
to place all values of observed figures into two classes. There are classes of
positive (+) and negative (—) deviations from the trend surface. Now we
can investigate the problem by analysis of four-fold contingency tables. It is
possible to do this after subtraction of trends because we obtained inde-
pendent observations. Before trend subtraction, all observations on the same
random value were correlated, and that excluded the simple methods of
estimation of significance of estimaters. The problem is similar to others
investigated in previous work (Vistelius, 1971).

CONTINGENCY TABLES FOR Az AND A, AND ITS ANALYSIS

Contingency between classes of rocks (Ag), classes of phosphorus concentra-
tion (Ap), and classes of geographic position of sampled points was investi-
gated, The last factor was investigated in two ways—division of Colombia
into southern and northern regions and division into western and eastern
regions. Division for northern and southern regions was made along lat
6°45' N. The boundary line dividing west from east extends from Santa Marta
south to the junction of the Department of Antioquis, Caldas and Boyaca
(lat 5°46' N). From this point it runs to Honda on the Magdalena River, then
west to the town of Ibague and sampling point TO-66 and south to Popayan
and Pasto. The division of western and eastern regions is coincident only
with a line of general strike of the Andean system (Fig. 1).

All data on Ay and A, and their geographic position are listed in Table I,
and from Table 1 we obtain Table 3. There is one situation where A, was
equal to zero. We added this unit in each of the adjacent cells.

The data in Table 3 were analysed by information-theory statistics

Table 3. Contingency Tables Between Rock-Range Numbers Ay, Phosphorus
Concentrations A,, and Geographic Position of Observation Points

Geographical division North South West East
Phosphorus
concentrations - 4+ E - + I - 4+ E - 4+ L
Range pumbersof ~— 21 10 31 14 8§ 22 22 6 28 14 11 25
rocks ;

+ 7 13 20 107 21 '3 7 16 23 10 18 28

z 28 23 51 24; 29 33 2922 51 24 29 53

ol
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(Kulback, 1959). We used the following designations. Capitalletters designate
investigating characters and they are as follows. I is a geographic division,
® is the phosphorus concentration, and IT 1s the rock type. Each character is
divided into two grades. Grades are designated by small letters: i are grades
of T, j are grades of @, and k are grades of I1. The sign x indicates that we
want to check the hypothesis that factors to the left and to the right of this
sign are independent. Say @ x IT indicates that we believe the values of ® and
I" are independent. Designation ¢ x (I'TI) indicates that we believe the ¢ is

independent of I and IT simultaneously.
Designation I' x IT/®‘™? indicates that we believe that I' and II are

mutually independent with the condition that the phosphorus concentration
is below the trend surface (class “minus” or “—"" of A;). Sign = is synony-
mous with word “or” in an alternative. The alternative is located on the left-
hand side of the equality. Systematic investigation indicates that we are able
to check 19 hypotheses about different types of contingency. These hypotheses
are the following.

Mo = CxIIx¢
(@I = Tx (@) OTI) = ex() I(IP) = Ix (D)
Td=Ix¢ TH=TxI ¢II=0OxII
STIN = (DxIT)N OIS = (OxID/S  ¢I/W = (¢xID/W

OIT/E = (@ xII)/E

r=9gmt = A9 xo)ym+) rNHom-) = (" xo)m'~’
=gt = ¥ - xo)mt r¥-Bom~) = ("2 xo)m
r-917/0) = (TS x 1)/t

]"(?*"-EJH‘{.;I.'I-J' = {r{H-Sl % H}m,{-] T{H'-EJHN}{H am {]*'tﬂ"-'ﬂ KH]_HIIH:'
" -B1/et) = (I8 x [~

It is known (Kulback, 1959, p. 124) that the hypothesis should be
checked by the minimum discrimination information statistic 2], which
asymptotic distribution coincides with distribution of central y*, in the
situation if the hypothesis on the right-hand side of the equality is correct.
For convenience of computation of 2f for each hypothesis, the necessary
formulas are given. These formulas were borrowed from Kulback and were
written in expanded form suitable for calculation. Types of hypotheses are
" given before the formulas. The designations are as follows. x is a number of
| observations; if x has three subscripts (x,5), it is a number of observations
! in a cell of three-dimensional classification; if x has two subscripts and a
| point (x.,)itis an indication of the number of observations in a cell of two-

dimensional classification with ignorance of the factor grades which are

C
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indicated by a point. Similarly, x with one subscript and two points (x..,)
indicates a number of observations in row or column (a cell of one-dimen-
sional classification). In our example three-dimensional classification has
eight cells. two-dimensional classification contains four cells, and one-
dimensional classification is composed of two cells.

N is a whole number of observations. It is obvious that

EEEIUE = sz”. = EEIL'.’ = EEIJ& = EIL, = EI_L = Ex“l = N
i Jk i ] ik Ik i J k

The formulas for computations are as follows, where v is the degree of
freedom, determined by formulas obtained by Kulback (1959).

XYZ = XxY¥xZ XY, Ze{®ILIl'}

IR 2 2 2
2l = E(E 2, 2 Xipdnxy = Y x; Inx; — Y x;Inx ;= ) x nx ,
(=1 j=1 k=1

=1 j=1 k=1

-I-ZNIHH)

y =4
XYZ=Xx(YZ)
2

2 o 2 | |
2f = 2(2 Yo Y xpdnxg— Y xloxi — ) Y x lnx g+ NInN)
i i=1

=1 j=1 k=1 =1 k=1
y=23
YZ=YxZ
2 2 2 2
2f= 2( Y Yxplnx,—3 x;Inx; =Y x‘_klnx“t-inlnN)
j=1 k=] J=1 k=1
vy =]
XYZP'= X7 % Y[Z®
2 2 2 2
2f= E(Z z xulﬂxu— E xulnxu 2! z ijklﬂxtjk"l"xuhlﬂxnt)
fa] joul jm=1 J=1

po= ]

Insertion of @, I', and IT in the place of X, Y, and Z permits us to check
all possible hypotheses about contingency of investigated characters. As
seen from the set of checking hypotheses, all of them can be divided into two
classes: (1) general hypothesis, if we speak about characters independently of
their partial values, and (2) conditioned hypotheses if we put conditions on
one of the investigated characters. The general hypotheses clear up inter-
relations for all values of @, I', and I1. Table 4 gives the result of checking
general hypotheses.
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Table 4. Results of Checking General Hypotheses of Con-
tingency Between ®,Z, and I

Number of
degrees Approximate probability
Hypothesis of of error of first type «°
freedom
v North-south West—east
I'dr =Tx ¢gxII 4 0.005 0.005
(15.40) (16.62)
[(®IT) = I' x (dr) 3 0.250 0.250
(4.64) (3.92)
O(T'TI) = @ = (I'TI) 3 0.010 0.005
(11.56) (16.60)
(¢ = N % (¢I) 3 0.005 0.005
(14.46) (15.24)
I'Tl = 'xIl 1 0.010 0.250
(2.28) (0.62)
b =Txg¢ ] 0.250 0.100
(0.98) (1.38)
DIl = b x 1 ] 0.005
(12.70)

* Numbers in parentheses are values of 27

Table 4 gives the following information. If we accept the value of error
of the first type equal to 0.05, as it is accepted in routine investigations, all
 hypotheses of independence for IT and @ should be rejected on a high level. In
- other words, interrelations within ¢I1, I'¢Il, ®(I'TT), and TI{¢I") in which
'we clear up bounds between IT and @ if the position of T is passive, should
‘reject the hypothesis of independence, at a high level.
4 Situations I'(¢II), I'Tl, T'® where geography is the character being
‘checked indicate that we should accept the hypothesis of independence on a
 high level. There is only one situation (T'TI for north-south classes) where we
should reject the hypothesis of independence. But it is a single situation and it
‘can occur because our model is not ideal, and at the level of rejection the
'hypothesis of independence is smaller than in other situations. Thus Table 4
‘shows that it is better to accept the hypothesis where changes in Az and A, are
dependent one on another, and there is no influence of geographic position of
samples on these values.
Now, let us investigate contingency in fixed conditions or contingency for
fixed geographic regions and types of deviations from the trend surface. Table

{
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Table 5. Conditioned Hypotheses of Interrelations Between

I, », and T
Checking hypothesis v al a
STI/N = (@ x TT)/N 5.34 0.025
dI1/S = (O = I1)/S 5.22 0.025

SIT/W = (@ x [TY/W
®I1/E = (® x IT)/E

IS -SQIH = (TN -9 x O)TIH) 0.04 0.500
[N -9 = (DN =9 % Q)1 0.12 0.750

1

1

1 12.66 0.005

]

]

1
Y-8l = (-2 x Q)II'Y) | 0.16 0.100

1

1

I

1

1

2.66 0.250

[ =B G/TIC) = ([~ x @)/ 3.14 0.100
TN -STI/@) = (I -9 x [T/ 1.40 0.250
N -STT/0¢ - = (M x IT)/D¢ - 1.64 0.250
["'{"Pl' —ilnf¢.i *) = (l'{w =B} o H}f@‘ * )
I -BII/@-) = (T -5 x IT)/@f

1.66 0.500
1.88 0.250

5 gives 12 conditioned hypotheses and data for their checking. In this table,
[T =5 indicates that the division of the territory was made to the north and |
south, IT®" =% indicates that the same division was made for the western and
eastern regions. N after the inclined line is an indication for north, S indicates
south, W is west, and E is east. ®'*) is an indication that we are dealing with
positive deviations from trend surface for phosphorus. Other designations |
were used in a similar manner.

Table 5 shows that in all situations, the hypothesis of independence 1
between geographic divisions and variations of Ag and A, should be accepted
on a rather high level of significance. Interrelations between Ag and Ap in |
three situations permit us to reject the hypothesis of independent variations |
on a high level. There is only one situation where independent variations
between ¢IT occur. It was for samples from the eastern region. This situation |
is impossible to explain by special reasons because our response model was |
introduced on a purely heuristic level. Thus, it is possible that in some region |
it will not fit the observed values and our observations will be dependent. If |
we compare this result of a conditioned hypothesis with deviation in inter-
pretation for checking the general hypothesis, it is suspect that there is a gen- |
eral reason in both situations. For the general hypothesis, we had deviations j
for interrelations I'TI for west—east classes; we have deviations for the condi-
tioned hypothesis ®IT with the fixed easternregion. Thus, there must be special
behavior of rock-range numbers in the eastern region. For clarification of |
this conclusion, it would have been useful to make a special investigation. |
but we were restricted by a limited quantity of samples. It is clear, however.
that interrelations are such that variations in rock composition can explair
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the origin of variation in phosphorus content. In other words, the trend in
rock composition over Colombia within mountain systems is sufficient as an
explanation for the origin of the trend in phosphorus concentration.

SUMMARY

The content of phosphorus and the precise name of the rock (on the basis of
careful microscopic examination) were determined in samples of granitic
rocks, taken as uniformly as possible, and collected over the Andean part of
Colombia.

Interpretation on origin of the variation in phosphorus concentration
was accomplished by two different methods.

Trend surfaces for phosphorus concentration and for rock-range numbers
were computed independently for samples at the same sampling points.
Comparison of these trend surfaces by comparative trend analysis (COM-
TRENA) was made. COMTRENA showed that trends in phosphorus
content of the rocks coincides with rock-range numbers which reflect varia-
tions in chemical composition.

After values of trend were subtracted from observed values of phosphorus
concentration and rock-range numbers, the differences (A and Ap) were
investigated. Contingency tables in terms of information-theory statistics
were used in this investigation. Computations showed that there is contin-

~ gency between deviations in phosphorus content from the general trend in
- concentrations of this element, and deviations of rock-range numbers from

- their general trend.

s e o

The investigation revealed that variation in phosphorus content in
granitic rocks can be explained sufficiently by changes in chemical composi-

' tion of the whole rock. In other words, phosphorus content in granitic rocks

reflects the main features of a whole-rock chemical composition.
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