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‘ The Bandelier Tufl: A Study of Ash-flow Eruption
] Cycles from Zoned Magma Chambers *’

R. L. SMITH and R. A, BAILEY
U, S. Geological Survey, Washington, D. C.

Introduction

The Bandelier Tufl (H. T. U. Sxatrry, 1938 Grices, 1964; Ross,
Snrri, Bariny, 1961), Jemez Mountains of northern New Mexico,
U.S.A. (Fig. 1), is a Pleistocene rhyolitic ash-flow formation consisting
of two major members. In this preliminary paper the two major
members are designated informally as the upper member of the Ban-
delier and the lower member of the Bandelier. Formal subdivision is
planned for a later paper. Each member is the product of a giant cal-
dera-forming eruption: the eruption of the lower member of the Ban-
delicr approximately 1.4 million years ago, was {ollowed by subsid-
ence in its source area to form the Toledo Caldera; the upper mem-
ber of the Bandclier was erupted approximately 1.0 million years ago,
and formed the Valles Caldera (Sayurmu, BaiLey and Ross, 1961; K/Ar
ages from G. B. DaLrvMPLE, personal communication). The upper and
lower members of the Bandclier thus form two cycles of ash-flow
eruption and caldera formation that together are the culmination of
a Jong history of basaltic and andesitic to quartz-latitic and rhyolitic
volcanism in the Jemez Mountains.

Because of the similarity between the upper and lower members
of the Bandclicr, both in physical and chemical propertics, and be-
cause space does not permit more than a preliminary account, de-
tails of the upper Bandclier only are described here. The following
pages arc a briel summary of the distribution, stratigraphy, and pre-
Jiminary mineralogy and chemistry of the upper member of the Ban-

* Publication aothorized by the Divector, U, 8. Geological Survey.
P Paper vead at ghe IAV Tnternationad Symposium on Voleanology (New Zealand),
scientific session of Nov, 25, 1968, B
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delier. The lower member of the Bandelier will be referred to Eor :
significant comparison.
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F16. 1 - Index map of New Mexico showing Jocation of Jemez Mountains volcanic field.
Distribution
The Bandelier Tuff forms broad plateaus that slope radially from '
the Jemecz Mountains volcanic highland. The plateaus are dissected
by numerous deep canyons radial to the Jemez Mountains, and these
canyons provide many hundreds of miles of exposure of the Ban-
delicr (Fig. 2). Figure 3 shows the physiography of the Jemez voleanic ,
highland, the Valles Caldera, and the Nanking platcaus of Bandelier ; Fi. 3 - Phe
Tuff. The total Jemez volcanie ficld has dimensions of about 60 miles ! T Cul
north-south and about 40 miles cast-west. ' | sot
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R. L. Ssmimu and R, A, Bangy — The Bandelior Tuff: A Study of Ash-flow Eruption
Cycles from Zoned Magsa Chambers,
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{ Fi6. 2 - Aerial view of Bandclier Tull cliffs on the west side of San Diego Canvon and
. the dissected surface of the Jemez Platcau, west side of the Jemez Mins.,
{Nacimiente Mountains in distance). The lower two dark and light bands in
the cliff constitute the lower member of Bandelier; uppermost dark and light
H bands constitute the upper merber of Bandelier,
volcanic field.
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i R Fic. 3 - Photograph of a reliel model of the Jemez Mountains area showing the Valles
ut 60 miles Caldern (center) and flanking plateaus of Bandelicr Tuff. View as seen from the
southeast, :
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The present outcrop arca of the Bandclier ash-flow sheets is , In the inte
about 500 squarce miles. The upper member of the Bandelier formerly 1 the lower merr
covered about 830 square miles (Fig. 4) and had a volume of about incised by rad

10604y w0ers [
' .
H

F16. 4 - Distribution of Bandclicr Tuff around the Valles Caldera (topographic rim,
solid black line; ring fracture, dashed lne) and Toledo Caldera (topographic
rim, dosh-dot line)., Outcrop of lower member of the Bandclier, solid black,

Maximum extent of upper member of the Bandelier, dotted, emplaccd [o3]

and pre-Ban

50 cubic miles, The lower member of the Bandelicr had approximately variable thi
the same distribution and volume, but pre-upper Bandelicr erosion j size the inl
has reduced its distribution, and burial by the upper member of the ‘ bution. Loc
Bandelicr restricts its present outcrop (Fig. 4). thickness b
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 sheets is . . In the interval between the upper and lower Bandcelier eruptions,
i formerly the lower member of the Bandelier was extensively eroded and deeply
¢ of about incised by radial canyons. The upper member of the Bandelier was
Ty Ladd il
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ographic rim,
{topoyraphic
 solid black.

Fic. 5 - Isopach map of upper member of Bandelier Tuif.

emplaced on the much dissccted topography of the lower member
and pre-Bandclier rocks. Simplified isopachs (Fig. 5) show the highly

roximately variable thickness of the upper Bandelier ash-flow sheet and empha-
ier erosion ; size the influence of topography in controlling thickness and distri-
1ber of the ' bution. Locally it is more than 800 [cct thick, the greatest known
' thickness being in the Toledo Caldera basin.
v
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The ash-low cruptions of both the upper and lower members R. L. S“""‘é‘_"‘c?‘fi
of the Bandeclicr were preceded by pumice falls and these deposits ’
arc nearly everywhere present bencath the ash-flow sheets.

POROSITY

Stratigraphy , (WELDING)
‘ 40L-in )
The present study is based on observation and measurement of 40 :
numerous detailed stratigraphic sections. All sections were hand S
Jeveled and all observable features recorded. The diagram of Figure 6 4oL
illustrates some of the features noted and scrves to illustrate the basis 4
for construction of Figures 7, 8, 11 and 12. Degree of welding was 40|
determined by porosity estimates every 5-10 feet. Kind and intensity gg"”’“‘;
of groundmass crystallization or absence of it were noted. Partic- 1 oy '
ularly significant were pumice block accumulations, crystal concen- ! ]
trations, and other features that mark partings between individual r 3
ash flows. « Fossil » fumarolic pipes were found to be valuable indi- 3 1
cators of flow tops. Composition and size of lithic fragments; size -
and mineralogy of phenocrysts; size and texture of pumice blocks; 3
color both on fresh and weathered surfaces; and joint, weathering, ; 2‘8“ ]
and crosion characteristics were recorded. All these features con- ‘ z0k L
sidered collectively provide valuable means of correlation over the : 29
entire Bandelier sheet. Typically no two sections are alike, and no n
b1}

single section is representative of the entire sheet. Sections were cor-
related by visual field relations, by best fit of observed features, and
by contouring of lines of equal porosity (degree of welding).
Reversals in porosity trends in vertical sections, common in the
Bandelier, indicate different rates of welding and reveal variations in
emplacement temperatures of individual ash flows or groups of ash
flows. In Figure 7 four simplified sections of the upper member of
the Bandelier that span about 8 miles are joined by lincs of equal
porosity. The uppermost stratigraphic layers have been removed by
erosion, and the principal ficld key to corrclation is the position of )
the zone of maximum welding. Locally this zone is composed of at
least six successive ash flows and can be traced for 12 miles in con- -

tinuous oulcrop. Figurc 8, a greatly simplificd cross section, spans a !
distance of 15 miles radially from the Valles Caldera and is con-
structed from 5 measured sections (4 of which are shown in Fig. 7) i Fi6. 6 - A samy
I inter-section i : r : . ce s showin
and inter-section inspection. The porosity contours, besides aiding in crystall
corrclation of measured sections, show how wclding decreases away ings ar
kN TRTRY T, R R TSI P N DL P e .W T L AT T e e ribatedend Lo e b i A M
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Fic. 7 - Correlation diagram of stratigraphic sections of upper member of the Bandelier Tuff in San Diego Canyon, Jemcz Pla
teau, showing projected porosity contours and the relation of zones of crystallization to zones of welding.
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3 R. L. Sanmit and R. A, Bansy — The Bandelier Tuff: A Study of Ashiflow Eruption PL.
- Cycles from Zoned Magma Chambers. '
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Fig, 8 - Cross section showing zones of welding and ciystallization in the upper member of Bandelior Tuff in Sa
Dicge Canyon, Jemex Plateat. Roman numerals refer to stratigraphic subunits shown in Figure 8,
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from the source area even though the total cooling unit thickens.
This Jateral decrease in welding is related to heat loss during em-
placement of the ash flows. The heat loss toward the distal end of
the sheet is also confirmed by the decrease in thickness of the zone
of crystallization rclative to the thickness of the cooling unit. This
change in zone thickness is rclated to the total heat budget of the
cooling unit rather than to individual ash flows as shown_by the fact
that the Jower zone-boundary between crystalline and noncrystalline
tufl steadily rises in the cooling unit toward its distal end and crosses
partings between individual ash flows.

To understand the stratigraphy of either the upper or lower
members of the Bandelier it is necessary to visualize the eruption
and emplacement of the ash-flow materials from a volcanic highland
onto a much dissected lowland. The early ash [lows were confined to
the valleys and basins, successive flows filled the valleys, and the
later ash flows merged to form continuous shects from which scat-
tered mountain peaks protrude.

In general the thickest sections are most likely to reveal the
earliest ash flows, although the location of lowland areas and the
assymetrical distribution of successive flows from the highland source
vents combine to complicate the flow sequences and create gaps in
any given section where certain flow units or their correlatives are
missing.

Because of many factors, it is impossible or impractical to cor-
relate individual ash flows over long distances Consequently other
means were devised to frame a uscful stratigraphy.

Corrclation of nearly 100 detailed stratigraphic sections has per-
mitted recognition of five stratigraphic. subunits within the upper
member.of the Bandelier (Fig, 9). These subunits are_made up of
groups of ash flows and are identified by their relative emplacement-
temperature characteristics and. by their mineralogy. The subunits
are not everywhere sharply defined but they represent stratigraphic
zones that can be correlated over the entire outcrop area. The pumice
fall Jayer is present at the base of the upper Bandelier except where
the underlying topography was too stecp for lodgment.

Subunits 1, II, and I1I contain prominent phenocrysts of quartz
and sodic sanidine and are recognizable in the field as a progressive

J

L
pu -yst\J.,‘Z. . X\' okl

st

temperature sequence. Subunit I is composed of ash flows that rarely T Lo (5

show welding or groundmass crystallization even where overlain by
several hundred feet of section. This subunit occurs in lower parts

.
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of all major valleys filled by the upper member of the Bandelier.
Subunit II is composed of ash flows that typically show partial weld-
ing and vapor-phase crystallization, but no dense welding. Subunit IT1
contains a denscly welded and du’xmﬁud zone over a large portion
of the outcrop area, although in its distal portions, where it is thin,
or where it has chilled against buried topographic highs, it phystcally
resembles subunits 1 or II. Subunit V, the topmost unit, is charac-
terized by large zoned phcnocrysts of anorthoclase rather than of sodic
sanidine.

voLume mi® SUB.UNIT

A - Pumice fall

Fic. 9 - Schematic stratigraphic diagram of the upper member of the Bandelicr Tuff.

Subunit IV, designated the « transition unit», is most critical,
It is a zone of mixing where anorthoclase and hypersthene-bearing
pumice and sanidine and fayalite-bearing pumice occur together. It
is also a zone of abrupt upward decrease in modal quartz. Subunit IV -
is not equally distributed and in some areas is not present or is not
recognized. Four of the subunits are represcnted in the exposure
shown in Figure 10. Subunit V has been removed by ecrosion at this
locality.

Topographic restriction of subunits T and I1, and the wide dis-
tribution cf subunit III are well illustrated by the cross scction of
Figurc 11. As a consequence of dilferential compaction of subunits XI
and 1II and the limited distribution of subunit 1V, subunit V rests
directly on subunit III at the castern edge of the cross section. To
the west, ash flows of subunit IV occur in normal succession between
subunits IIT and V (Fig. 11).

The increasing temperature sequence of subunits I-ITI is well
illustrated by Figure 11. The lowermost portions ol the cooling unit
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R. L. Saumit and R, A, Baney — The Bundelier Tufj: A Study of Ash-flow Eruption
Cyeles from Zoned Magma Chambers.

¥i1G, 10 - A 550-foot clf in upper member of the Bandelier Tuff, Canon de la Canada,
Jemez Plateau. Dark band in middie of clift is subunit I1I; subunit IV is
above, and I and 11 below,
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are nonwelded and noncrystalline and all sections show an upward

increase in degree of welding (as shown by decrease in porosity)

into subunit ITI. This scquence is the reverse of that in a simple

cooling unit emplaced at uniform temperature (Smiti, 1960). Re- -
versals in porosity (welding) vertically in subunit II show the var-

iability ol emplacement temperature in successive flows.

Figure 12 shows a cross section that is closely representative of
the total upper Bandelicr sheet. All five subunits are present. Com-
plications induced by underlying topography are shown by the abrupt
appearance in subunit III of a thick zone of dense welding, and the
absence of the same zone upslope as a result of the chilling effects of
concealed topographic highs on the upslope portion of the subunit.
The cross section of Figure 12 also conlirms the emplacement tem- A
perature gradient previously discussed and illustrated by Figure 11.

Near the top of subunit III and in subunits IV and V the he recog- g 1000 £
nizable ash flows are thinner than those lower in the cooling unit, #1771 N
and 1d the | partings between thc ash flows are more distinct. Zones of
dense welding, separated by steep pm osity vradlents (Fig. 12) and by
local vitric zones along partings, indicate cooling breaks of greater| |
frequency and longer duration than observed in the lower part of | . ‘
subunit I1I and below. The thin zones of dense welding, occurring
as they do near the top of the cooling unit, also indicate a continuation
(with some reversals) of the trend toward higher temperature of suc- -} -
cessive ash flows shown more clearly by subunits I-ITI.

%

Preliminary Mineralogy

The mineralogical studies of the upper member of the Bandelier
are incomplete, yet sufficiently advanced to illustrate significant mag-
matic trends. Figure 13 shows the general nature of the information
stored in a composite section similar to that depicted by the western
portion of the cross section of Figure 12. Alkali feldspar compositions
(determined from a-parameters, derived by computer from X-ray data
for heat-treated phenocrysts) are plotted against sample position in
the section. The sanidine phenocrysts show a slight but significant ‘ A
trend toward a more sodic composition from the air-fall pumice base, .
through subunits -1V, There is then a marked compositional change i
to strongly zoned anorthoclase in subunit V.,
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Fic. 11 - East-west cross section of upper member of Bandclier Tuff, Jemez Plateau, showing zoncs of welding and crys.
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In subunit IV both anorthoclase and sanidine occur in bulk
welded tuff, but they have not been found together in individual pum-
ice blocks. Both the anorthoclase and the sanidine in subunit IV
are variable in composition (Fig. 13), yet the sanidine is gencrally

800

. © ]
| || Anorthociase v
{ Un'it
{

——— - o —

700

|
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Fayalite
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Purnice {all
| 1

45 AQ 35 30 25 o 10 20 30 40
% OR IN ALKALI FELDSPAR % PHENOCRYSTS

Fia. 13 - Modal percent phenocrysts and composition of alkali feldspar phenocrysts in
. an 800-foot scction of upper member of Bandelier Tuff., Open circles, sodic
sanidine (monoclinic); closed circles, anorthoclase (triclinic).

more sodic than in subunit II1. The evidence from the feldspars in-
dicates that subunit IV is a zone of mechanical mixing transitional
between subunits 11T and V and suggests that some significant event
occurred either in the magma chamber, in the conduits, or during
the course of the eruption.

The distribution of fayalite and hypersthene offers additional in-
formation. Fayalite is restricted to sanidine-bearing pumice. Hyper-
sthene, on the other hand, although ubiquitous in anorthoclase pum-
jce, also occurs instead of layalite in sanidine-bearing pumice, in
some outcrops of subunit IV (and possibly III). Thus the change
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from fayalite to hypersthene is independent of the change from san-
idine to anorthoclase and provides critical evidence for continuity
of crystallization, suggesting that the entire upper Bandelier was
erupted {rom a single magma chamber.

Modal phenocryst content also shows significant change. The
modal data (calculated porosity free) in Figure 13 were determined
from single thin sections of bulk rock, hence are not rigorously rep-
resentative. Nevertheless the changes are sufficiently large to be
significant. Total phenocrysts increase from about 5 percent in the
air-fall pumice to nearly 35 percent near the top of subunit 111, where
a marked decrease to about 20 percent occurs. The total-phenocryst
curve is paralleled by the quartz curve, whereas the feldspar shows
relatively steady increase with only minor variations. The sudden
decrease in total phenocrysts at the top of subunit 1II is probably
the result of preferential resorption of quartz, although both quartz
and feldspar show resorption textures. This resorption may be most
plausibly explained as due to the sudden release of pressure following
removal of more than 20 cubic miles of overlying magma erupted as
subunits I-111. Abundant ficld evidence indicates changes in the erup-
tive pattern beginning near the top of subunit III. Partings between
ash flows become more distinct; wind-blown sand layers are more
frequent and thicker, and fossil fumaroles are better developed. All
these criteria indicate slightly longer time intervals between eruptive
pulses.

In addition to these field features, to mineral mixing, and to phe-
nocryst resorption at this level, an unusually high percentage of
coarse lithic inclusions occurs at the top of subunit III. These in-
clusions may be the result of structural disruption during the early
stages of collapse of the Valles Caldera.

The foregoing relationships suggest the following sequence of
cvents: «
1) Rapid cruption of some 20 cubic miles of magma with con-
comitant lowering of total pressure in the magma chamber.

2) Preliminary sagging or partial foundering of the cauldron
block and wedging of the conduits, bringing the cruption to a tem-
‘porary halt. The culminating ash flows of this phase (subunit III)
carry abundant lithic inclusions derived from the conduit walls,

3) Disturbance of cquilibrium due to lowered pressure causing
resorption of quartz and feldspar in the magma chamber.

N . -y N e et . s o s
TR I i n f g mvrs s B AT R g A T TSI NN a4

————_t

-

RN

———— L R

4) Contin
ing developmet
maroles.

5} Reope
miles of magm

6) Final
thus forming

The 50 &
equivalent to
of the subunii
and inverted
magma cham
four chemica’
data shown i
spars from t
but the tren
minations. T
dient involvi
percent crys!

As migh
chemical ch:
ical analyse
Bandelier st
I1I to about
and II have
real as is s!
thereisa p
decrease in
(Fig. 15, oy
shows a sit

Additic
the distrib
data) are n
of bulk rc
well an ar
3- to 4.0l




e e

¥ ~ -

: from san-
continuity
delier was

sange. The
determined
srously rep-
arge to be
cent in the
t III, where
‘phenocryst
spar shows
The sudden
is probably
soth quartz
iay be most
‘¢ following
erupted as

in the

erup-

1gs between

S are

more

veloped. All
:en eruptive

and to phe-
reentage of
L. These in-

1z the

early

sequence of

12 with con-

ber.

he cauldron
1 to a tem-
subumnit 111)

walls.

sure causing

er.

T ctan € Wy

R
ERNEL ST NN

. JUN
LI T T

:

T g e e

e P

—_97 —

4) Continucd sporadic eruptions with short time breaks, allow-
ing development of local disconformities, sandy partings, and fu-
maroics. i _
5) Reopening of conduits and eruption of remaining 10+ cubic
miles of magma (subunit V).

6) Final collapse of the cauldron block into thc magma chamber,
thus forming the Valles Caldera.

Preliminary Chemisiry

The 50 cubic miles of upper member of the Bandclier Tuff are
equivalent to 35 cubic miles of magma. In Figure 14 total volumes
of the subunits (Fig. 9) are reclaculated to volume percent of magma
and inverted in sequence to show their relative positions in the
magma chamber and their proportions as erupted. The data from
four chemically analyzed feldspars agree remarkably well with X-ray
data shown in Figure 13. The chemical differences between the feld-
spars from the pumice fall and from subunits II and III are small,
but the trend is clearly confirmed by the CaO, Ba, and Sr deter-
minations. The feldspars reveal a small but significant chemical gra-
dient involving 35 cubic miles of silicate magma that is less than 25
percent crystallized.

As might be expected, the foregoing mineralogical changes reflect
chemical changes within the upper member of the Bandelier. Chem-
ical analyses of bulk rock samples of the upper member of the
Bandelier show that SiO, decreascs from about 77 percent in subunit
IIT to about 72 percent in subunit V. (Chemical analyses of subunits I
and II have not yet becn made). Other differences, though small, are
real as is shown by the trends in Figure 15. From subunit Il to V
there is a progressive decrease in total alkalies and a complimentary
decrease in FeO relative to MgQ. The lower member of the Bandelier
(Fig. 15, open circles) has similar bulk chemical characteristics and
shows a similar trend. ~

Additional chemical data are shown in Figure 16. The data on
the distribution of U, Th, and Nb (Gorrrritp, et al, unpublished
data) are most complete and the curves are based on a large number
of bulk rock analyses averaged from several measurcd scctions as
well an analvses {rom selecied samples. All three elements show a
3- 10 4fold decrease from the first to last crupted material. It is
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important to note that these clements arc not particularly sensitive
to cooling history devitrification and vapor-phase crystallization or to
the minor diagenetic alterations that are recognized in the Bandelier.

e FELDSPAR ————emmmy . PHENOCRYSTS

% MAGMA %BOR FHCAO HBA HSR - @ F TOTAL
o
"'—'{;;CE ' 43 18 | .0087 | .0010 5
10 ~ H
h i a2.7| 23 |.0o76|.0011] 2 {12 |14
1} i 1
- i I i
20 I i i i
10 |15 | 25
30 - 416 .35 | 026 |.0047 |10 ]15] 25
] i 4
a1 i I t
t } !
@ § ¥ !
40 - = @ { ¢ |
2 £ = NEEE
I o b} 4 i | 1
g x { ! l
50 0 X H ! i
O I
{ { i
1 | I
60 | a7 1520l 35
<-——f—.... ___________________________ - for - - -
70 v 5 |1s] 20
_____________________ ..—..—-p--_,.-_--‘q——-uwg-qau——
80 : 3
2 = 32.6| .82 | 078 | .015 | 5 |15} 20
v B 2
W
- <
90 g §
I <
100 l '

F1c. 14 - Summary of mineralogical data from subunits of the upper member of the
Bandelicr Tulf, showing the relative position of the subunits in the magma
chamber and their relative magmatic volumes.

Although some scatter of values may be attributed to these processes,
they seem not to significantly affect the major trends. The Bandelier,
however, is very young, and older ash flows may show greater mod-
ification resulting from prolonged diagenctic alteration.

Data for Li,O, Rb:0O, Pb, F, Cl, and TiO, shown in Figurc 16 are
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from 3 sclected glass analyses. Although insuflicient for- detailed
discussion, they show trends consistent with the U, Th, and Nb data.

Some Preliminary Conclusions

1) The upper Bandelier ash flows were erupted in a remark-
ably systernatic way from a single magma chamber containing de-
monstrable physical and chemical gradients.

2) At least the first 30 cubic miles of ash flows record a sys-
tematic increase in emplacement temperature. The remaining 20
cubjc miles probably continue the trend but documentation is more
difficult.

3) The emplacement temperatures probably ranged from about
550°C to over 800°C. These approximate temperatures will be discussed
more fully in a later paper but are based on welding and crystalli-
zation experiments (SmitH, FriEbpMaN, and Long, 1958, and unpub-
lished), phase relations, and other factors.

4) The emplacement temperature range seems best explained
by the cooling effect of mixing with air in a vertical eruption column
before the ash flows formed. The height of the column, and hence
the amount of mixing may be related to a changing vapor pressure in
the magma. The evidence implies that a falling vapor pressure is
conducive to greater heat conservation, hence to successively higher
emplacement temperatures during the course of the eruption. A
higher vapor pressure at the top of the magma chamber is also im-
plied, and whereas this condition is in agreement with some of our
data, it is at variance with other data. More information is needed.

5) The bulk compositions of the upper member of the Bandelier
show the first erupted material to be most salic and the last erupted
most mafic. . In a schematic way the evidence indicates a magma
chamber (Fig. 17) with the most potassic feldspar crystallizing at the
top, more sodic [cldspar below; (ayalite crystallizing at the top, hy-
persthene below; and U, Th, Nb, Pb, Li, Rb, F, and Cl concentrated
upward in the liquid, Ba and Ti concentrated downward.

6) These gradients arc perhaps to be expected in the magma
chamber, but most significant is the fact that they can be recon-
structed by means of detailed stratigraphic, mineralogical, and chem-
ical studics of the ash-[low sheet.

The lower Bandclier ash-low sheet, though less perfectly pre-
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served, shows many physical and chemical parallels with the upper
sheet. All evidence indicates that the two sheets, separated in time by
about 400,000 ycars, had comparable historics and common origins;
and that considered together they broaden our concepts of voleanic
cycles.

The systematic eruptions of the Bandelier ash-flow shects, and
others like them, are remarkable, and careful studies should lead to
more reflined knowledge of the processes actually at work in magma
chambers.
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Discussion

A, Ewarr: We are particularly interested in the results of your study of
the vertical variations within the Bandelier Tufl. Recently, similar variations
were found and described from the Whakamaru Ignimbrite, Taupo Volcanic
Zone. These included an upward enrichment in sodium, upward increase in
total phenoeryst content, quar(z resorption, and upward decrease in modal
plagivclase/quartz ratios. These were also interpreted as of primary (pre-
cruption) origin, i

I should like to ask whether there arce concentrations of lenticules within
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the basal portions of the various flow units, and il so, do these show different
mincralogical and chemical characteristics from the enclosing rock?

R. L. Sxyutu: I think you arc referring specifically {o vitrie Jenticles that
you found to be mwore potassic than their matrix. We have not found such
fenticles in the Bandcelier Tufl, However, speaking on the gencral problems of
volcanic glasses, we do find in the United States, that the diagenctic hydration
of glass may be accompanied or followed by chemical changes. The most
obvious change is loss of sodium causing relative enrichment of potassium with
respect 1o sodium. In many hydrated glasses, however, 1 have found also a
real enrvichment of potassium that [ relate to Jow temperature reactions be-
tween the glass and ground or surface waters. T would suggest that this proc-
ess might have altered the original chemistry of the Whakamaru lenticles,
but for the fact that you have also found mineralogical diffcrences.

K. Yact: Is there any difference in the degree of welding within each
subunit?

What mincerals are formed as the products of devitrification in these de.
posits? - ' e
‘R. L. SaitH: Within each subunit differcnces in degree of welding are ob-

served — that is, zones of greater welding alternate with zones of lesser welding;

but the average porosity of the subunits decreases upward f{rom one subunit
to the next, suggesting a gencral upward increase in degree of welding and a
progressive increase in emplacement temperaiure of the ash flows.

The products of devitrification in the Bandelier — specifically, the products
of direct erystallization of the glass in shards and pumice — are invariably cristo-
balite and alkali {eldspar. In the vapor phase zonc these products of devitri-
fication arc accompanied also by tridymite, alkali feldspar, and iron oxides
which have crystallized from vapors in vesicles and in interstices between
shards. oot .
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