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STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

FACTOR ANALYSIS OF THE CHEMISTRY OF SPANISH MOSS

By JoN J. CONNOR and HANSFORD T. SHACKLETTE

ABSTRACT

One hundred twenty-three samp.es of Spanish moss (T'illandsia us-
neoides L.) were collected from over its geographic range in the
southeastern United States. The zsh of these samples was analyzed
for a variety of major and minor elements, and the resulting data
were factor analyzed for pertinent geochemical associations. The first
five eigenvalues of the correlation matrix account for 71 percent of
the variation in these data, and a five-factor varimax model of ele-
ment variation was constructed. Varimax factors 1 and 2 together
describe most of the variation in the logarithmic concentrations of
13 elements: aluminum, barium, cilcium, cobalt, gallium, iron, man-
ganese, sodium, strontium, titaniun, ytterbium, yttrium, and zirconi-
um. The first 10 of these elemerts constitute a common pedologic
association and, in fact, typical concentrations of these elements in
the ash of Spanish moss are reaso1ably close (except for manganese)
to the expected concentrations in soils of the eastern United States.
Sodium in plant ash increases oceanward and reflects accumulation
of sea salt. The source(s) of calcium and strontium is ambiguous,
but a source of at least some part of these two elements appears
to be airborne limestone dust. Thas, factors 1 and 2 are interpreted
as reflecting essentially inert accuraulation of airborne particulate ma-
terial, most of it of natural origin. Varimax factors 3 and 4 together
describe most of the variation in the logarithmic concentrations of
boron, cadmium, chromium, copper, lead, lithium, nickel, vanadium,
and zine. Lead reflects automotive exhaust inasmuch as most samples
in this study were collected alorg roads. The remaining elements
in this association may also reflect automotive-related effects, at least
in part, but more likely all nine elements constitute a suite of urban,
industrial, or technologically incluced metals. This association is
stochastically independent, or nearly so, of factors 1 and 2 (airborne
particulates) and is viewed as largely anthropogenic in origin. Var-
imax factor 5 accounts for most of the variation in the logarithmic
concentrations of magnesium, piosphorus, and potassium. These
three elements are major metabolic constituents of living plant tissue,
and the association is nearly ind:pendent of the other four factors
(the airborne particulates and the technological metals). This
suggests that, regardless of source, the concentrations of magnesium,
phosphorus, and potassium in plant ash are being controlled more
by metabolic need than by environmental influence.

INTRODUCTION

The effect of airborne materials on the quality of the
human environment has prompted many investigators
to search for means of messuring ambient atmospheric
concentrations of these materials. Commonly, the
methods consist of various procedures for collecting the

materials by filtration processes followed by chemical
analysis of the materials, or for continuous instrumental
monitoring of gaseous or airborne compounds.
Shacklette and Connor (1973) described the results of
a study in which Spanish moss (Tillandsia usneoides
L.) was used to assess the variability of airborne ele-
ments in the southeastern part of the United States.
They concluded that elemental analysis of Spanish moss
or its ash seems to be an economical and rapid method
with which to examine the relative average concentra-
tions of airborne elements.

Spanish moss is classed as an epiphyte (generally
called “air plants”) and most commonly grows on trees.
It is not parasitic because it gets all essential elements
and water from the air and produces its own food by
photosynthesis. Like most other species of the pine-
apple family (Bromeliaceae), Spanish moss has highly
specialized morphological adaptations that assist in ob-
taining water and other materials from the air. Thus,
it appears to be an ideal natural “monitor” with which
to investigate element burdens in the local atmosphere
of its native habitat. Previous studies of elements in
Spanish moss, in addition to Shacklette and Connor
(1973), include MaclIntire and others (1952), Martinez
and others (1971), Benzing and Renfrow (1971), Robin-
son and others (1973), Caruccio and others (1975), and
Schrimpff (1981).

The elements available to Spanish moss from the air
have many natural sources. The most obvious sources
are dust consisting of soil and rock particles and, near
the sea, salt from ocean spray. The mineral content
of air and rainwater, and its importance to plant
growth were discussed by Ingham (1950), and the ef-
fects of solutes leached from tree foliage and deposited
on Spanish moss were noted by Schlesinger and Marks
(1977). Although Spanish moss may at places benefit
from elements in these leachates, it is not dependent
on them, as shown by its growth on wire fences and
utility wires (Daubenmire, 1974, p. 308).

The air carries much particulate matter of plant ori-
gin, characterized by Benninghoff (1965, p. 142) as

Il
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“...in enormous variety and large quantity,” including
spores, pollen, bacteria, single-celled algae, fungal
mycelia, deciduous plant tissue parts, and fragments
of vegetable humus. The exudates from forest trees and
other plants contribute a share of the natural metal
burdens of air. The volatile exudates from coniferous
forests were analyzed by Curtin and others (1974) and
were found to contain antimony, arsenic, barium, beryl-
lium, bismuth, cadmium, chromium, cobalt, copper, gal-
lium, iron, lanthanum, lead, lithium, magnesium, man-
ganese, molybdenum, nickel, silver, sodium, strontium,
tin, titanium, vanadium, yttrium, zine, and zirconium.
These volatile exudates consist largely of a variety of
terpenes, and the world production of plant volatiles
released into the atmosphere was estimated by Ras-
mussen and Went (1965, p. 220) to be 438x10° tons
per year. Went (1971) reported the polymerization of
airborne terpenes into large (to 1 mm) clumps, which
he called “air-soot,” and that a certain amount of these
clumps become attached to leaves and other plant
parts.

Sub-micrometer-size particulate matter released by
plants into the atmosphere was shown by Beauford and
others (1977) to contain lead and zine. Nyemyeryuk
(1970) reported that the transpiration water given off
by plants contained ammonium, caleium, chloride, mag-
nesium, potassium, sodium, and sulphate ions. Fish
(1972) found that strong electrical fields caused release
from plants of airborne particles with diameters less
than 0.6 micrometers.

In addition to these airborne particulates of plant ori-
gin, elements from inorganic sources iorm a
background atmospheric burden of worldwide circula-
tion. Zoller and others (1974), on the basis of air sam-
pling at the South Pole, concluded that the elements
were derived from crustal weathering or the ocean.
These elements include aluminum, calcium, cerium,
chromium, cobalt, europium, iron, lanthanum, manga-
nese, potassium, samarium, scandium, sodium, thulium,
and vanadium. Brocas and Picciotto (1967) believed that
most of the nickel in Antarctic snow was of extrater-
restrial origin, and they calculated that the extrater-
restrial matter deposited over the entire Earth’s sur-
face is 3-10 million tons per year. Although these ele-
ments are potentially available to Spanish moss, their
absorption is probably overwhelmed by effects of dust
deposition, salt spray, and airborne anthropogenic pol-
lutants from local sources.

For selected metallic elements, higher than average
concentrations in ash of moss may reasonably be in-
ferred to reflect higher than average atmospheric con-
centrations, suggesting the utility of Spanish moss as
a monitor of the local atmospheric element load. For
example, ash of plants collected close to roadways con-

tains 18 times as much lead as ash of plants collected
far from roads (Connor and Shacklette, 1973); presuma-
bly this lead is derived from lead-bearing automotive
exhaust. Also, plants collected close to the ocean con-
tain elevated concentrations of sodium in ash, and four
of six samples containing detectable tin in ash were col-
lected within 100 km of the only tin smelter in the
United States.

Difficulties in the use of Spanish moss as a natural
atmospheric monitor, however, are both varied and
serious. For example, Spanish moss is composed of liv-
ing tissue which undoubtedly interacts chemically with
the atmosphere and substances in it. The concentration
in ash of any element whose airborne compounds are
selectively absorbed or repelled by the living plant will
not faithfully reflect its ambient atmospheric concentra-
tion. Moreover, periodic “cleansing” of the plant by rain
or wind may remove loosely held substances. In addi-
tion, such washing effectively enlarges the volume of
atmosphere available to the plant by virtue of the fact
that rainfall may chemically scavenge a considerable
volume of overlying atmosphere. Also, over the life of
the plant, or the life of the collected part, the chemistry
of the local atmosphere may drastically and erratically
change. Thus, at best, the chemistry of the plant ash
can only reflect a time-averaged atmospheric composi-
tion.

Nevertheless, the potential use of Spanish moss as
an indicator of airborne metals seems obvious, and this
report examines the limits of that potential. The exami-
nation was based on a study of the correlations among
logarithmic concentrations of 25 elements in 123 sam-
ples of plant ash. Of the 25 elements used in this exami-
nation, aluminum, cobalt, gallium, ytterbium, yttrium,
and zirconium occurred in concentrations too low to be
detected in one or more samples, and one sample was
not analyzed for lithium (Shacklette and Connor, 1973).
In order to include these seven elements, arbitrary val-
ues were assigned as needed to produce a completely
numeric data set. The substitute values are listed
below.

Element Substituted value ~ Number of samples
(of 123) substituted
Aluminum, percent 15 3
Cobalt, ppm 5 21
Gallium, ppm 7 28
Lithium, ppm 22 1
Ytterbium, ppm 1.5 32
Yttrium, ppm 15 29
Zirconium, ppm 15 2
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The single sample lacking a lithium analysis was as-
signed a value equal to the geometric mean of the 122
other lithium concentrations. The use of such values
is admittedly arbitrary and is justified primarily by the
belief that substitution of any reasonable value will not
materially alter the conclusions derived from the factor
analysis. Percent ash in each sample was added to the
data set as a twenty-sixth variable.

Methods of sample collection and laboratory analysis
as well as descriptions of sampling localities, element
distribution maps, and element summaries may be
found in Shacklette and Connor (1973). The factor
analytical techniques were based on computer pro-
grams in Dixon (1975), and the U.S. Geological Sur-
vey’s STATPAC system (VanTrump and Miesch, 1977).

FACTOR ANALYSIS

Techniques of R-mode factor analysis were applied
in an attempt to identify element associations in the
ash of Spanish moss which may shed light on the proba-
ble sources of these metals in the atmosphere of the
southeastern United States. R-mode factor analysis has
been widely applied as a means of examining the
covariation in a data set by describing such covariation
in terms of some minimum number of new variables,
k (called “factors”), always less than the number of
original variables, m. Geometrically, the process in-
volves defining each original variable as a unit vector
in m-space, all originating from a ¢ommon center, and
with the angle between any two vectors inversely re-
lated to the covariation between the two variables. If
examination of this vector complex indicates that the
complex lies mostly in k-space (k less than m), then
the original data will likely be more easily interpreted
in terms of k factors. Projections of the m vectors into
the reduced space always results in shortening of the
vectors, and their new lengths are taken as measures
of the adequacy of the factor model. The square of the
vector length is called the communality. The correla-
tions of the vectors with the k factors are called the
factor loadings. Numerous texts describe the mathema-
tics of factor analysis. A widely used geologically
oriented text is that of Davis (1973). Hopke (1980) de-
scribed an application of factor analysis to aerosol com-
position of the Boston metropolitan area.

Correlation coefficients among the logarithms of 25
element concentrations in ash and with log ash are
given in table 1. The first 10 eigenvalues of this correla-
tion matrix are listed in table 2. The first two eigen-
values are large compared to the remainder and indi-
cate that the minimum number of factors in a geochemi-
cal model of these data should be at least two. Such
a model would account for over half (52.7 percent) of

the total variation in the original data. Only five eigen-
values exceed 1.0, and a five-factor model accounts for
an acceptably high 71 percent of the variation in the
data.

Variable communalities for models containing as
many as eight factors are represented in figure 1. In
a five-factor model, all communalities exceed 0.50, and
a five-factor varimax model was used to summarize the
chemical variation in ash of Spanish moss. Varimax
loadings of each chemical variable on these five factors
are listed in table 3.

The elements with the highest loadings on the first
two factors are titanium, zirconium, yttrium, ytterbi-
um, aluminum, iron, gallium, manganese, sodium,
strontium, calcium, barium, and cobalt (table 3). As dis-
cussed in the following paragraphs, we believe most
of these elements are present in Spanish moss princi-
pally as surface coatings of natural airborne particu-
lates, mostly as windblown soil dust or sea spray. Thus,
we have labeled these factors together as “natural par-
ticulates.” The most important elements in the third
and fourth factors are zinc, lead, copper, cadmium,
nickel, chromium, boron, lithium, and vanadium (table
3). As these are believed to reflect largely urban or
industrial sources of metals, we have labeled these fac-
tors together as “technological metals.” The last factor
appears to be biological in nature. It has a strong in-
verse correlation with ash content and positive correla-
tions with magnesium, phosphorus, and potassium,
which are major metabolic elements in plants. We have
labeled this factor “metabolic constituents.”

FACTORS 1 AND 2—NATURAL PARTICULATES

These factors are the most important descriptors of
element variation in the varimax model of Spanish moss
ash chemistry. Together, they account for over a third
(87.4 percent) of the total observed variation in the ash
data, and they describe more than half of the variation
in the logs of titanium, zirconium, yttrium, ytterbium,
aluminum, iron, gallium, manganese, sodium, stron-
tium, calcium, barium, and cobalt.

A graphic evaluation of ash composition in terms of
these two factors is shown in figure 2. The two factors
define a cross section of the five-factor varimax model,
and all chemical variables are represented as vectors
projected onto this cross section. The distal end of each
vector is defined by the loadings of the respective vari-
able on the two factors (table 3). The strength of associ-
ation of any variable to another, or to any factor axis,
is inversely proportional to the angle between the two
vectors or between the vector and the axis. A small
angle reflects a strong positive association. A 90-de-
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TABLE 1.—Correlation coefficients among
[All chemical elements

Log Mg Log Ti Log Mn Log B Log Ba Log Co Log Cr Log Cu Log Ni Log Pb Log Sr
Log Fe—— -0.19 0.76 0.61 0.07 0.63 0.53 0.57 0.22 0.51 0.22 -0.54
Log Mg-- -.26 -.02 25 =.23 -.03 -.11 «25 .12 .12 .34
Log Ti—- «55 -.03 .63 .48 «55 .16 .37 .07 -.63
Log Mn—- -.17 .68 +48 .33 .16 .35 .21 -.39
Log B--- -.09 -.02 .02 .23 .28 .02 .11
Log Ba-- +58 .39 .03 .30 .20 -.36
Log Co-- 46 .13 48 .15 -.23
Log Cr—- «36 «60 .25 -.27
Log Cu—— .57 .48 .03
Log Ni-—- .35 -.12
Log Pb-- -.02
Log Sr--
Log V-—-
Log Y~~~
Log Zr--
Log Al--
Log Ga--
Log Yb-——
Log Ash-
Log Ca--
Log Li--
Log Na--
Log K——-
Log P-—-
Log Cd--
Log Zn

gree angle reflects no association, and a highly obtuse
angle reflects a strong negative association. Short vec-
tors (those with distal ends near the origin of the plot)
are inadequately represented by these two factors, and
their relations should be ignored.

The diagram in figure 2 is dominated by a fan of
vectors that subtend an angle of some 60 degrees be-
tween the log barium vector and the log ytterbium vec-
tor. The 10 elements represented in this fan are com-
mon constituents of soils or near-surface sediments in
the southeastern part of the United States. A compari-
son of the typical amounts of these elements in plant
ash to typical amounts in soil (table 4) is close enough
(with the exception of manganese) to suggest that the
average plant ash is composed largely of soil material.
Thus, the first two factors in the model reflect, to a
large extent, simple accumulation of windblown soil or
other near-surface material.

Log sodium, log strontium, and log calcium are nega-
tively correlated with log aluminum and other variables
of the soil component. Evidently, plant ash contains
either relatively large amounts of the soil-related met-

TABLE 2.—FEigenvalues (N) and cumulative variance as-
sociated with the first 10 principal components of the
chemistry of Spanish moss ash

Principal Eigenvalue Cumulative variance
component ) (in percent)
1= 8.82 33.9

R 4.89 52.7
3 2.13 61.0
femmmmee 1.55 66.9
S5 1.16 71.4
e .99 75.2

y S —— .82 78.4

o .76 81.3
9 .68 83.9
10-———-——- .54 86.0

als or relatively large amounts of sodium, strontium,
and calcium. The most likely explanation for this in-
verse relation is that the ash consists of two dominant
constituents (or their ashed equivalents), one of which
was derived from soil and the other derived from mate-
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26 variables measured in Spanish moss
were measured in ash}

Log V Log Y Log Zr Log Al Log Ga Log Yb Log Ash Log Ca Log Li Log Na Log K Log P Log Cd Log Zn
0.29 0.58 0.70 0.84 0.57 0.57 -0.10 -0.49 0.39 -0.51 0.14 -0.11 0.29 0.20
J19 0 =227 =34 -.22 -.21 -.27 -.62 .16 .21 45 W41 .34 37 .32
.25 .70 .87 .83 .66 .68 -.03 -.63 .34 -+ 60 .18 -.12 .14 .09
-.03 .48 .62 51 .35 47 -.29 -.43 .12 -.59 .43 =04 21 .16
.27 -.08 ~-,11 .13 .04 ~.07 ~.34 .10 .32 .34 -.06 .24 .21 .17
-.17 .40 .67 .66 .41 .39 ~.14 -.31 .14 -.62 .33 -.18 «26 <20
.03 44 .42 .56 .53 .36 -.14 -.27 <27 -.38 «26 —.11 24 .17
42 42 .51 .53 W47 .39 ~.09 -.30 .33 -.23 .09 ~.03 .33 .31
.36 .20 .15 .17 .19 .15 -.43 -.06 .28 .07 .18 .24 .48 .64
.56 .30 .28 .43 .39 .25 ~.40 -.20 .33 -.15 21 .18 .48 41
.17 .03 .10 .16 .12 -.02 -.39 .09 .14 -.04 +33 .19 .57 .80
-.04 -.46 -.66 -.55 -.35 -.49 -.14 <61 -.08 «39 -.08 .15 .03 .10
.26 .09 .25 .35 .21 -.25 -.19 .38 .10 .00 .25 .26 22
.67 .61 .70 .85 .00 -7 24 -.57 .09 -.11 -.04 .00
.77 .57 .66 .05 -.61 .26 -.64 .12 =23 .07 .05
.67 .60 -.04 -ob7 45 -.49 .11 -.16 .21 .15
.57 -.06 -.39 .38 -.47 .11 -.09 .09 .11
.01 -o48 .26 -.56 .09 =15 =-.05 -.02
.02 -.26 -.11 -.68 -.56 -.60 -.52
-.26 «35 -.23 =06 =.02 .08
.11 .22 .14 .27 .25
-.14 27 .08 .03
41 55 44
44 .32
.74

rials high in sodium, strontium, and calcium. The
amount of ash bears no apparent relation to the relative
amounts of either of these two constituents, inasmuch
as log ash has loadings near zero on both factors (table
3), and the inverse relation of the two element suites
likely reflects local differences in the average long-term
atmospheric particulate load.

Sodium in ash is clearly related to nearness to the
ocean (fig. 3) and, hence, reflects accumulation of salt
from that source. The inverse relation of log aluminum
to log sodium (fig. 2) is noted in figure 3 by the contour
line representing a ratio of aluminum to sodium of 1.0.
This contour closely follows the Atlantic and Gulf
coasts.

Caleium is an essential constituent of living plant tis-
sue, but its lack of correlation with the other metabolic
constituents, magnesium, phosphorus, and potassium
(table 1), is puzzling. Calcium in ash apparently occurs
as calcite (fig. 4). The ash represented in figure 4 con-
tains 16 percent calcium, equivalent to 40 percent cal-
cite. Other constituents include dolomite, langbeinite (a
potassium magnesium sulfate), and minor clay and

quartz. The clay and quartz content undoubtedly reflect
airborne clay and quartz, but the calcium and potassium
compounds probably reflect oxidative changes upon
ashing of the dried organic-rich material. In most
higher plants, of which Spanish moss is one, calcium
occurs between the cell walls as a salt of pectic acid.
Pectic acid is a long chain polysaccharide that would
oxidize completely during the ashing process, leaving,
perhaps, calcite (L. P. Gough, written communication,
1982).

Alternatively, at least some of the calcite in the plant
ashes of this study almost certainly reflects accumula-
tion of airborne limestone particulates. Gatz (1977,
table 6), in a St. Louis-based study, found that as much
as 18 percent of the particulate load in air was lime-
stone dust. Probable sources for such particulates could
include clouds of limestone dust from carbonate aggre-
gate road surfaces, limestone quarries, cement fac-
tories, or agricultural liming. Conceivably, any covaria-
tion of tissue calcium with tissue magnesium, phospho-
rus, and potassium is being overwhelmed by the sur-
face accumulation of limestone dust, accounting for the
failure to find a positive logarithmic correlation of calci-
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FIGURE 1.—Factor-variance diagram relating variable communalities (%) to number of factors in the varimax model of geochemis-
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FACTOR 2

FACTOR 1

FIGURE 2.—Relations of chemical variables (vectors) to each other and to factors 1 and 2 in the five-factor varimax model of variation.

um with magnesium, phosphorus, and potassium.
Clearly, the role of calcium in this study is complex.

Factors 1 and 2, as indicated in figure 2, appear to
reflect two chemically distinet soil types: The first (fac-
tor 1) is high in yttrium and ytterbium; the second is
high in barium and eobalt. As noted previously, both
types are inversely related to sea salt, but the yttrium-
ytterbium-rich soil has a stronger inverse relation to

calcite (log calcium) than does the barium-cobalt-rich
soil.

A measure of the importance or intensity of each fac-
tor in each sample of this study may be seen in the
factor score for each sample. These scores are com-
puted from Dixon (1975, p. 179) as:

F=ZRA, 1)
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TABLE 3.—Loadings of chemical variables on the factors of the five-factor varimax model
[*, loading is significantly different from zero at the 0.05 probability level; number in parentheses is percent of variation described by factor]

Loadings
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Sum of percentages
Metabolic
Variable Natural particulates Technological metals constituents (100 hz)
Log titanium—- 0.87(76)* 0.26(7)* 0.10(1) 0.12(1) -0.01(<1) 85
Log zirconium- .84(71)* «31(9)* .09(1) -.04(<1) -.08(1) 82
Log yttrium——- «83(69)* .05(<1) .08(1) .08(1) -.08(1) 72
Log ytterbium— .82(68)* .04(<1) .02(<1) .05(<1) -.07(<1) 68
Log aluminum—— .72(52)* .43(18)* .16(2) «31(10)* -.09(1) 83
Log iron———=——v .71(50)* «39(15)* .25(6)* «23(5)* -.03(1) 77
Log gallium—-- «67(45)%* .20(4) .17(3) +30(9)* -.11(1) 62
Log manganese- .57(33)* 49(24)* .13(2) -.18(3) .31(10)* 70
Log sodium——-- - 64(40)*  -,39(16)* ~-.03(<1) .38(15)* .12(2) 73
Log strontium— -.74(55)*% -,02(<1) .07(1) .14(2) .02(<1) 58
Log calcium-—- -.78(60)* .09(1) .14(2) -.01(<K1) ~.24(6)* 69
Log zing————-- -.06(<1) .12(1) .85(73)* .03(<1) .31(10)* 84
Log lead-——--— -.02(<1) .12(1) .84(70)* -.14(2) .16(3) 76
Log copper—-——- .12(2) -.15(2) J74(55)% «22(5)* .14(2) 66
Log cadmium-—- -.02(<1) .19(4) «66(44)* .16(2) .49(24)* 74
Log nickel=——- «31(9)* «14(2) «59(34)* 45(20)* .08(1) 66
Log chromium-- .48(23)* .17(3) «49(24)* .30(9)* -.16(3) 62
Log boron=———-- -.16(3) -.01(<1) . 04(<1) .73(53)* .12(1) 57
Log lithium——— $27(7)* .09(1) L11(YL) .66(44)* .20(4) 57
Log vanadium=-- «30(9)* - 43(19)* «37(14)* «55(30)* .03(<1) 72
Log ash=——m=== .04(<1) -.09(1) -.34(12)%* ~-.24(6)* -.80(64)* 83
Log magnesium— -.36(13)* ~.04(<K1) .09(1) .33(11)* «64(41)* 66
Log phosphorus -.07(1) -.35(13)* .20(4) .13(2) .66(44)* 64
Log potassium- .15(2) $24(6)% .19(4) -.12(1) .83(69)* 82
Log barium——-— £47(22)* . 77(60)* .14(2) -.10(1) .08(1) 86
Log cobalt———-— «37(14)* .65(43)* .16(3) +23(5)* .03(<1) 65

TABLE 4.—Typical concentrations (in parts per million) of
selected elements in ash of Spanish moss and soils of the

eastern United States

Spanish moss ash
Element (geometric mean,

Shacklette and

Connor, 1973)

Eastern U.S. soils

(geometric mean,
Shacklette and
others, 1973)

Titanium~~~ 2,300
Zirconium—- 110
Yttrium—~—- 30
Ytterbium—-— 2.4
Aluminum=-- 40,800
Iron———=~——=~ 15,800
Gallium—--- 9.8
Manganese~~ 2,300
Barium————- 564
Cobalt————- 9.8

3,000
250

23

3
33,000

15,000
10

285
300

7

where F is a matrix of factor scores (of 123 rows and
5 columns), Z is the data matrix transformed to stan-
dard measure (123 rows and 26 columns), R™! is the
inverse of the logarithmic correlation matrix (table 1,
26 rows and 26 columns), and A is the matrix of factor
loadings (table 3, 26 rows and 5 columns).

If the matrix Z is recast into logarithmic form (“un-
standardized”), the factor scores can then be computed
using the original logarithmic data. This change can be
accomplished by:

Xij= 8235 +m;, (2)
where X;; is the logarithmic concentration of variable

i in sample j, s; is the log standard deviation of variable
i, z; is the standardized value of the logarithmic con-
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FIGURE 3.—Sodium in ash of Spanish moss (modified from Shacklette and Connor, 1973, p. E34). Points interior to the contour line, except
’ for HTS-294, have Al > Na; points seaward of the line, except HTS-81, have Na > Al

centration of variable ¢ in sample j, and m; is the log

mean of variable 1.
The score for factor 1 in an individual ash sample

is computed from:

Fy;=by+b;(Log Ash);

+by(Log Al);+. . 3)

.+ bog (Log Zr),,

where F; represents the score for factor 1 in the jth
ash, the b’s represent the constant (b,) and the coeffi-

cients listed in the first column of table 5, and the vari-
ables are logs of element concentrations (expressed in
the units listed in table 5) in the jth ash. Scores for
factor 2 used the coefficients in the second column of
table 5.

Maps of the scores for factors 1 and 2 are shown
in figures 5 and 6. High scores indicate relatively large
amounts of soil-derived metals in ash; low (negative)
scores indicate relatively large amounts of sodium (from
sea salt) or calcite in ash. The sample ash exhibiting
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FiGURE 4.—X-ray diffraction pattern of ash of Spanish moss.

the highest score for factor 1 (that is, the ash with
the largest ratio of yttrium-ytterbium-rich soil to calcite
and sodium) comes from a sample collected in south-
west Georgia. The ash with the lowest score (the ash
with the smallest ratio) comes from a sample collected
near Fort Lauderdale, Fla. The sample ash with the
highest score for factor 2 (large amounts of barium-
cobalt-rich soil) comes from a sample collected near

Baton Rouge, La., and the ash with the lowest score
comes from a plant collected near Lakeland, in central
Florida.

Both factors have strong regional trends (figs. 5 and
6). These trends were estimated using stepwise trend
analysis as described by Miesch and Connor (1968). Fif-
teen potential regressors were defined: X, Y, X%, XY,
Y? X%, X2y, XY? Y% Log X, Log Y, (Log X)
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