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THE EFFECTS OF A VOLCANIC CINDER FALL ON TREE GROWTH
BY J. C. McGREGOR

For some time the Museum of Northern Arizona has been interested
in the effects of the eruption of Sunset Crater on the life of the prehis:
toric Indians who were inhabiting the region at the time of the volcanic
activity. Colton ,(1932), has shown that the distribution of late Pueblo
II sites and early Pueblo III sites corresponds to the distribution of the
volcanic ash. (1) He also showed that the lower limit of Pinus ponderosa,
and Juniperus monosperma, drop approximately 1000 feet in altitude in
the ash fall region. This suggests that the volcanic ash is an important
ecological factor in the distribution of present day forest, and gave rise
to the thought that measurements of tree rings from trees growing in
the ash covered area when compared with threes growing nearby in soil
not covered by ash might throw important light on this unusual distri-
bution of the pines.

Although both A. E. Douglass, (1928), (2). and G. A. Pearson,
(1931), (5), had previously noted certain effects of cindery or volcanic
soil on the growth of trees, particularly the Western Yellow Pine, and F.
W. Haasis, (1921), (3), has noted the effects of cindery soil on the growth
of Western Yellow Pine seedlings, no specific work had been done on this
problem at the beginning of our investigation. It is because of this fact
that the results herein contained are felt to be of some interest.

Sunset Crater, where the most recent of all volcanic activity con-
nected with the great San Francisco volcanic field, Arizona, has occurred,
(Colton, 1932; and McGregor, 1936), (4), is the center of the area studied.
The general ground surface consists of old and greatly weathered lava
terraces upon which were dropped quantities of coarse cinders, (lapilli
and scoria), from the eruptions of the neighboring ancient cinder cones.
Following deposition these cinders have been oxidized red, and where
moisture penetrated them they have broken down and weathered to form
a compact yellow clay, which covers the cinders and penetrates them to
a depth of several feet. While this clay was being produced, land sur-
faces were eroded and sculptured to about their present forms, to pro--
duce the conditions preceding the Sunset eruption.

With the eruption of Sunset Crater, almost unbelievable quantities
of black basaltic sand, (ash), and lapilli were poured out upon this land
surface, spreading about the cone in an eilipse whose major north-south
axis was about thirty-six miles, and whose minor axis was about twenty-
eight miles, (Colton, 1932). Immediately about the cone, cinders, (ash,
lapilli and scoria), piled up to some depth. Toward the periphery of the
ellipse only the finer products fell, ash in the tform of black sand, for
the fine particles of ash were readily transported by the strong prevail-
ing southwesterly winds.

Many of the hilltops were soon denuded of ash, and a few of the
tablelands swept bare. But the removal of this material in certain sec-
tions caused the formation of dunes in others where some obstacle
favored their building. Often a canyon or valley acted as such a trap.

To compare the rings of trees in ash covered areas with those of
nearby regions free of ash, small cores were removed from the trees with
a Swedish Inecrement Borer. A total of 184 borings were made by this
means. In the collection of these specimens an attempt was made to
keep several factors in mind. First; the thickness of the cover of cin-
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ders above the clay surface was always noted. Second; the slope and
exposure of hilltops, hillsides and flats were carefully noted and an at-
tempt was made to collect specimens from each type of site in equal num-
bers. Third; an attempt was made to collect about an equal number
of young trees, mature trees, and very old trees, thus to equalize the
varying effects of age on ring size.

When representative material, growing under varying conditions had
been colected, it was decided to measure the last ten rings of every
sample. This would include the period of growth from 1922 to 1932,
(the latter date that of collection), which would assure corresponding
rings and period of growth in every case. Thus the rainfall factor would
be controlled, for in a small area we may assume that the rainfall in a
given year would be the same in all parts. Ten rings were chosen be-
cause that number facilitated computation, and because laboratory equip-
ment for individual ring measurement was inadequate at the time. All
of the trees which were collected from one specific section, and which
were grown under similar conditions, were then averaged and reduced
to the basis of one ring as measured in millimeters. The accompanying
table presents the results of this computation.

TABLE OF RING SIZES

| No. of | Aver. ring

Location '__ Ash depth Subsoil type !specimensg width mm.

Tuba highway near © No ash cover Yellow clay from I.
Sunset Crater : old cinders 12 | .60
Lower Medicine Valley . No ash cover Sand, Gravel | 18 : 1.00
South side of Crater 45, , Old cinders weath-| i
gentle slope 4" te 6" deep ered to clay 12 : 1.56
East side of Crater 45,
gentle slope i 8" to 10" deep i 12 ; 1.65
Flat area west of ' i
Sunset Crater " 10" to 15” deep " 31 Po214

i 6" to 10" deep § 33 1~ 226
Black windblown cinders !
banked against Bonito 6’ to 10" deep Alluvial material 7 ! 2.36
flow " Over 10 deep v 8 1 240

Obviously, in all of this work the factor of human error plays a
very important part. An example of such a condition is apparent in
the bottom line of the table. Here great banks of windblown sand had
been piled against the end and side of a tongue of the Bonito Lava flow.
The difficulty of determining actual sub-cinder conditions arises from
the fact that this flow moved up a valley and dammed what once was
an avenue of drainage from the higher backland. Therefore, water is
probably now stored against the end of this flow, and would account for
the unusual large size of rings of the trees growing at this place. Again,
the trees growing in the crevices of the Bonito Flow show extreme ranges
of ring sizes. (This data not included in the table). This would indi-
cate that certain cracks in the flow form veritable cups for the retention
of all the moisture that falls. As this section of Arizona has a relatively
dry climate, (about 15 to 20 inches annual rainfall), any means of con-
serving moisture is of paramount importance.

A comparison of trees grown in old cinders weathered to clay, with
and without an ash cover, is the most convincing of all the material col-
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lected and studied. Here most careful observations of cinder cover,
drainage, etc., were made.

It would appear fairly obvious that a cover of cinders over a clay
or alluvial base greatly increases the size and growth of rings of the
Western Yellow Pine. In view of the nearly equal precipitation over the
area studied, and the obvious lack of plant food in the unweathered cin-
ders from Sunset Crater, we conclude that the ash acts as a mulch to
conserve the scanty water supply.

A glance at the table will bear out these conclusions. It will be seen
here that the most ideal conditions for tree growth were represented in
areas where about six to ten inches of rather fine cinders, or ash, covered

a clay surface, and the drainage slopes were gentle with no prominent
valleys.
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DATES FROM FIVE KIVA HOUSE, UTAH
BY W. S. STALLINGS, JR.

The material which this communication concerns, consisting of two
beam cross-sections, was deposited with the Laboratory of Anthropology
in the summer of 1936, by Mr. Deric Nusbaum, at that time with the
National Park Service, and Mr. Zeke Johnson, Custodian of Natural
Bridges National Monument. Mr. Nusbaum and Mr. Johnson provide
the following information regarding the provenience of the specimens.

Five Kiva House is located in a cave on the west side of Westwater
Canyon three miles southwest of Blanding, Utah. Associated with the
five circular, subterranean kivas from which the ruin takes its name are
some twenty-odd ground floor rooms. Mortar marks on the roof of the.
cave near its two ends suggest that rooms formerly rose to two stories

in these nlaces.  Altheongh smaller sites are numercus, Five Kiva ITouse
is the only site as large as this in the vicinity and is, accordingly, easily
identified. The cave has been used as a picnic ground by the local in-
habitants with the result that the ruin has been considerably mutilated.
Walls are still standing, however, and structural timbers yet can be found
in place. Both of the timbers concerned here were fragments, found in
fallen debris.

The specimens are pinyon, in sound condition: both have excellent
records, although one is quite short; and both were cut between the
growing seasons of 1243 and 1244.

A small collection of sherds from the site, kindly supplied by Mr.
Johnson, contained Pueblo I and Pueblo Il material, dividing about equal-
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ly. The structure just described and the beam specimens are to be asso-
ciated with the later horizon. The Pueblo III sherds belong to the Mesa
Verde complex, but the small number and their condition do not justify
further comment. A more detailed examination of the site might be
instructive and the dates are recorded with the chance that they may
prove helpful in chronological investigations of the regional archaeology.

Clerical data regarding the two specimens and measured widths of
their rings are given below. (1) Duplicate specimens are deposited in
the Laboratory of Anthropology and the Tree-Ring Laboratory, Univer-
sity of Arizona. It will be noted that the center rings (1115-1179) of
LA-U4 are congested ; the two absent rings occur in this congested group.
One is apparently that of 1166. The identity of the other is not so clear,
but it is probably that of 1175 and for present purposes it is so assumed.
The inside dated rings as listed are also the center rings.
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LA-U3 F.sect. - 1200 1243* 0 32 ? 0 1243-44
LA-U4 F.sect. 1155 12.43* 2 60 ? 0 1243-44
* Ring of complete width. )
TABLE OF ORIGINAL MEASURES (mm.)
0 1 2 3 4 5 6 7 8 9
1150 ) 20% .08 .19 .06 27
1160 43 13 416 .18 31 .29 .00 13 .16 .04
1170 710 .18 12 .36 27 .00 27 24 .64 34
1130 1.19 1.05 91 .65 .13 .66 .06 72 49 .28
1190 .63 40 5T .64 .62 .18 .64 1.23 .69 45
1200 1.28 .64 .30 1.01 1.20 v 87 90 .95 97 1.68
A48T 43 1.03 1.60 1.46 .93 .65 .58 A3 1.12
1210 1.25 95 1.05 1.22 1.30 .80 .70 T4 0 107 1.30
1.35 1.14 1.03 1.00 .98 .56 32 37 12 1.00
1220 1.05 .86 1.55 84 48 60 .32 22 59 .33
.68 54 84 .67 34 .36 .53 12 49 46
1230 .82 .76 .83 .63 .75 1.08 93 1.00 1.09 1.10
49 .55 .62 .50 19 i .56 18 RES 97
1240 .82 1.17 1.02 .83
.58 .35 .16 .52

* Begin LA-U4. {Begin LA-U3.

It is of interest to note that a few features of the present specimens,
represented by the configuration of 1186-89, 1220-21, and 1224-25, which
deviate somewhat from the standard classic series, occur prominently in
the Rio Grande drainage in northern New Mexico.

‘11 For comparative sequences sse A. Y. Dousglass, “Dating Pucblo Bonito and Other Ruins of the
Southwest,” National Geographic Society, Contributed Technical Papers, Pueblo Bonito Series. 1. pp. 62-63,
Washington 11935¢: “Estimated Tree-Ring Chronology,” Tree-Ring Bulletin, 2 12). pp. 14-15, Flagstaff
(1935). Major dating criteria in Mesa Verde, Colorado material are listed in Harry T. Getty, “New
Dates from Mesa Verde.” Tree-Ring Bulletin, 1 3), p. 23, Flagstaff (1935).
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DATES FROM TSEGI AND NALAKIHU
BY J. C. McGREGOR

In Vol. I, No. 1, 1934, (1) issue of the Tree Ring Bulletin, and in
Vol. II, No. 4, (2) of the same periodical, a report was made on dates
from several sites located in the Tsegi Canyon and its branches. This
material was collected by Lyndon L. Hargrave and party, as members
of the Rainbow Bridge-Monument Valley Expenditions of 1934 and 1935
(3). This year, (1936), additional material was collected by Hargrave
while a member of the same party. Only one site, N.A. 2536, was visited,
and from the material collected here eight additional specimens were
readily dated.

This site, N.A. 2536, is known as “Twin Caves Pueblo,” and belongs
to the Pueblo III culture stage, it being a large Cliv Pueblo. Pottery types
common are: Kayenta black-on-white, Kayenta and Tusayan polychromes,
and Tusayan corrugated.

Seven additional dates were reported on in the first mentioned paper
above. The present group of eight, making a total of fifteen, gives a
good picture of the building date of this ruin.

From site N.A. 358, (Nalakihu), a small site of six rooms just at
the base of Citadel Ruin near the Little Colorado River northeast of
Flagstaff, seven fragments of charcoal were readily datable. As all of
‘these are apparently of Douglas fir, and give an almost identical record

. B S
8 a0 g > o =8
=] = -3 - n @ ]

i} - T B “§ s 3% 3§ £

4] < | wm (=] =] E L - & Q
- 2 2 3 — o= = 23 @
o2 28 =8 S =z 29 L3 ¥O Yo =
23 s Z% 3 £ =g s s E 3
az oa =2 -] x = ma Xe /.8 m
N.A.2536
F.3541* 1102 1041 45 Y.P. Frag. 1073 ? 0 11104-x
F.3547 1104 1052 30 Y.P. Frag,. 1073 ? 0 1110+4-x
F.3527 1269 1176 57 Fir F. Sec. 1240 few 0 127243
F.3522 1272 1163 56 D.F. 4 Sec. 1242 0 0 1272
F.3529 1272 1224 52 Fir F. Sec. 1244 0 0 1272
F.3572 1272 1242 43 D.F. % Seec. 1254 0 0 1272
F.3517 1277 1184 55 Pnn. F. Sec. None 0 0 1277
F.3521 1278 1236 41 Fir % Sec. 1252 few .0 1280+2
N.A.358 * *
F.4268 1183 1117 23 Y.P. 5 Sec. No 0 0 1183

* Pieces F.3541 and 3547 appear to be two fragments from the same tree.

** All dates are from Room No. 6, the east room of the unit, from which six other
duplicate specimens were secured giving the following dates: F.1263-1183; F.4262-
1156; F.4267-1182; F.4271-1182; F.4265-1183; F.4272-1183.

they are assumed to have been fragments of the same piece. For that
reason only one detailed report is made of the specimens in the table
below, with the additional notation of the duplicates by specimen num-
bers and dates.

“Nalakihu” was excavated by Dale S. King as a C.W.A. project under
the direction of the Museum of Northern Arizona during the winter of
1934. It is a small surface masonry structure which has now been par-
tially repaired and restored. Like many of the other sites in this area it
belongs to the first part of Pueblo III stage of culture, and gives approxi-
mately the same dates as the latter series from Wupatki. Types of pot-
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tery typical are Flagstaff black-on-white, Tusayan polychrome, Tusayan
corrugated, Verde black-on-grey, and Verde gray. It is very interesting
to note that Dr. Douglass reports the securing of two dates of 1192 and
one of 1260 from Citadel proper, thus indicating that Citadel and Nalakihu
were originally built at approximately the same time. (4)

Dates listed are from East Room or Number 6.
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ESTIMATED RING CHRONOLOGY 600~750
WESTERN PUEBLO AREA
.
¢ o .
600 (]{e] 620 630 . 640
™
mm . mm .
ol * H . o
|640 650 660 670 6804
l680 690 700 710 720
[] [] U L]
720 73 740 750
™m=MICROSCOPIC, SOMETIMES ABSENT.
SPECIAL RINGS—600’s
A.D. to micro: or, 646 micro 596 smallish
600 and 645 and 7 smallish: £9%-700 sometimes <mallish
—- rarely 643-4 are also 700 small 'Johnson Canyon)
803 very small smallish 704 micro and occasionally
604 small 651 smallish absent
605 large 655-9 big 706 micro
06 small 658 smallish among big rings 707 small
607 small 660-4 small groups with big 709 smallish
611-620 JCD Signature: all rinugs each side. 662 712 smallish
small often larger than others 713-6 large
611 very small 669 smallish 717-8 sometimes very small
615 very small 671 small 721-4 small
620 very small 673 usually big 724 often very small
622-4 big 677 small 727-737 large series
625-6 smallish 620 sometimes smallish 733 small to micro: often
630 small %3 sometimes smallish absent
633-4 small. often micro #%6 very small ) 739 small
£35-6 big 8r7-9 large 740 big
630-40 small: 610 sometimes 690 small 741-1  small group, 741, 742 and
micro 592 smallish 744 beinz smaller
645-7 etc. variable group: some- 694 small 746 very small
times 645 and 647 small 748 very small, rarely absent





