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Dartmouth College
Semi-Annual Status Report -~ NCC 5-22
August 1, 1980 - January 31, 1981

- This report covers activiities of the Landsat Sensing Research
Group (ﬁarth Resources) and of the Volcanic Gas Sensing Research
Group (Planetary Science) which work in collaboration with the
Goddard Institute for Space Studies, New York; Dr. Robert Jastrow,
Director. Dr. Stephen Ungar of GISS is the Technical Officer for
this project.

NCC 5-22 supports work which was started in 1974 under NSG 5014.
The work described below I. B., (Geology and Geobotany) will in the
future be supported under another Coop~rative Agreement or Grant.

I. Landsat

The Dartmouth Landsat Research Group contihued application
studies for Landsat data under the general category of analysis
of vegetation cover, especially foreStry and geobotany, that is,

the effects of soil/earth mineral content on vegetation.

A. Forestry

I. Introducticn

In the past half year, we have had some changes in personnel,
have worked on applications of Landsat data, developed applications
techniques, and have maintained and established contacts with remote
sensing colleagues. We have noticed an increased awareness of and

interest in the use of Landsat data in New England:

II. Changes in Personnel
Kevin Doran has replaced Ken Sutherlind as forestry advisor

from the UNH Cooperative Extension Service and has quickly taken



hold of these responsibilities. Emily Bryant has entered the Computer
and Information Sciences Program as a Master's candidate and has been
working on this project half time, Gibb Dodge's role has remained the
same. Undergraduate assistants were Mark Heuberger (fall), and Sally

Johnson and Paul Fisher (winter).

III. Applications Projects

A. Investigation of the fanning algorithm as applied to Maine
forests was completed, writtin up as an abstract, submitted, and
accepted as a poster for the 15th ERIM Symposium in May, 1981.
(Enclosure 1)

B. Deer yard habitat. Mark and Kevin field-checked areas in
southwestern New Hampshire which the NH Fish and Game Department had
indicated ﬁere deer yards. Mark used these areas (largely softwood)
to develop signatufes for potential d-.er yard habitat. 1In a field
trip to Canaan, signs of deer were found in two out of four or £five
areas that had printed out as deer yard. Printouts of three towns
in southwestern NH were made with these signatufes: Reaction from
the “ish and Game Department was positive. We are refining these
signatures and developing output appropriate to their needs (e.q.
overlays of topography).

C. Gypsy moth defoliation mapping. Tapes weie finally aéquired,
but since they are in:the wrong format, there is a delay in using them.

D. Recent report’by Cooperative Extension Service (sub contract)

is at Enclosure 2.

IV. Technigues

We are writing a program on the Dartmouth computer to calculate

pixel coordinates given latitude and longitude and vice versa. Mark



determined ground control point coordinates for a significant
portion of New Hampshire; Em and Paul have been writing code

for the program.

V. Maintaining Contacts - spreading the word.

Emiwent to GISS in September to meet with Arch Park in
regardslte his project mapping biomass.

Gibb, Em, and Kevin attended the RSGNNE meeting in
Burlington in September.

Gibb and Em gave a guest lecture for Dave Lingren's
(Geography) remote sensing class.

Kevin and Em met with Kurt Olson (UNH) to see how his work
is going and to cétch'up on news. |

At our invitation, Helen Mustafa and Bob Edwards from the
New England Area Remote Sensing System (NEARSS) visited Dartmouth.
We discussed NEARSS and remote sensing in New Hampshire, H

Gibb, Kevin, and Em visited Bob Barker of St. Regis Paper
Company in Jacksonville, Florida. We saw their Forest Resource
Inventory System which is being put together now. It incorporates
Landsat data as one of many levels of information in their forest
inventory.

Article "Landsat for Practical Forest Type Mapping: A Test

Case" was (finally) published in Photogrammetric Engineering and

Remote Sensing Magazine, December, 1980. (Reprint, Enclosure 3)

VI. Increased Awareness.

Over the past year or so, a number of projects involving

Landsat have cropped up in New England. A Landsat Demonstration




Pfoject backed by ERRSAC has been initiated,in New Hampshire.

Maine has a simila# project started within the last year.

Vermont's demonstration project has been undexrway for a couple of
years. The NEARSS group, whose concern in largely with access to
real-time ocean and coastline remote sensing data, started gathering
information and making plans last spring. The New England Inovation
Group (funded by NSF) has a contract from NASA Headquarters to
investigate the use of Lardsat data on the local and regional govern-

ment level. All in all, things are starting to cook!

B. Ge@logy and Geobotany

The gsobotany group haﬁe been involved in refining the data
collected over the Mesatchee Creek prospect. A Chi squared
statistical test was applied to the aircraft multispectral scanner
data and it confirmed the extremely high correlation (>99.9%) of
the anomalous spectral data to the mineralized zone. This data has
been included in a revised paper sent to Economic Geblogy. (see
previous semi-annual report) This paper has been accepted fox

publication.

II. Remote Sensing of Volcanic Emissions
This research Qroup consists of Prqfessor Richard Stoiber and
Graduate Assistants Lawrence Malinconico, Stanley Williams (Ph.D.
candidates) and David Sussman. During the period of this report
(August 80 - January 81) they were concerned with:
&. Mt. St. Helens Eruptions including the RAVE Mission.
b. Monitoring volcanic activity in Nicaragua, El SalQador

and Guatemala (Foreign travel supported by others)



€., Testing a Mini-Cospec.
d. Reporting various activities at Scientific Meetings.

l. Mt. St. Helens

The RAVE Mission is described in Enclosure 4. Professor Stoiber
participated with the group, in the remote sensing ¢f SO,. This
report was presented at a symposium on the Mt. St. Helens Eruption
in washington, DC, November 18-19, 1980 (Enclosure 5). At this meetiny,
a paper was presented (Enclosure 6) to which Stoiber, Malinconico and
Williams contributed. A similar paper was presented at the 1980 AGU
Fall Meeting (see below and Enclosure 8, V 39).

2. The group visited Central America again in Novem@eg -~ December,
1980. This activity continues the field proofing of tﬁgiggggec loaned
by Barringer Research, ‘the manufacturer, Toronto, Canada. The field
expenses, including travel, for this work, are supported by others
(esp NSF) but the work contributes generally to the expertise and
reputation of the grbup. Recent activities have been reported in the
SEAN (Scientific Event Alert Network of the Smithsonian Institution)
Bulletin #12, Dec. 31, 1980 (Extract at Enclosure 7) and at the 1980
AGU (American Geophysical Union) Fall Meeting Dec. 10-15, 1980 in

San Francisco (Abstracts of 3 papers V 132, V 133, V 136, Enclosure 8).

Encl. 1-8, a/s
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Fanning: A Classification Algorithm for Mixture Landscapes
Applied to Landsat Data of Maine Forests

Stephen G. Ungar and Emily Bryant

I. Introduction
Most Landsat classification algorithms used today separate

land cover into discrete categories on the basis of presence or

absence of a land cover type: "wheat vs. noi-wheat". Most land-

scapes, however, include a mixture of types: trees plus grass

" in an orchard, or corn plus soy along a field boundary. These

would be hetter classified on the basis of the proportion of the

area' covered by each type. The "fanning" algorithm was developed
at the Goddard Institute for Space Studies byVStephen Ungar, to
accomodate mixture landscapes. It quantifies the varying propor-

tions of two "pure" land cover types within a pixel.

II. Description of Algorithm )

Assume each pixel to be composed of a mixture of cover type
A and cover type B. "Pure” pixels of cover type A have a mean
spéctral signature specified as Al' Ay, A3, A4 where A, is the
energy received at the satellite in the ith spectral band. The
eneggies in each of the four Landsat MSS bands may be thought of
2s the components of a14-dimensiona1 observation vector . In a

similar manner B = (Bl, Bz, By, 34).represents the spectral sig-

. nature of a "pure" pixel of cover type B. In principle, the

signature of a pixel composed of a mixture of cover types A and
B may be expressed as |

3 = ni + (1 - n)ﬁ

-1- | N Enc/b;ure l
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where n rcpresents the fractional area occupied by cover type A,
As n varies from 0 to 1 a "fan" of vectors is formed, ranging in

direction from B to X and terminating on the line joining B and R.

In A real situation, the observed signature of a mixture
pixel will generally not terminate on this line. Our technique
determines which value of n minimizes the difference between
observed signature and a theoretical signature terminating on the
line. Geometrically, this is equivalent to finding the end point
of the theoretical mixturé vector by dropping a perpendicular

from the observed signature to the line joining the pure types.

» The problem may be analyticélly stated as follows:

1£, 65 = |8, -

The formal solution is simply the least squares fit determination

InR + (1 = n)B)|: £ind n such that -g—-ﬁ- (6s) = 0.

of n among the four values obtained by considering each Landsat

band independently.

' ]

‘The fanning algorithm is available in both an unsupervised
and supervised mode. In the unsupervised mode, the GISS chaining
algorithm is used to allow pixels to chain together into clusters
and fans. The,algorithﬁ selects the signatures for the pixel
pair with the largest separation in each fan as the endpoints or
"pure" types. A value of n is then determined for each remaining

pixel in the fan in terms of these pure types. In the supervised

. mode, the user specifies the pure type signatures which are applied

to a category of pixels defined from some previous supervised or

unsupervised classification.



In both modes, the algorithm tests: (a) the value of n
derived for each pixel for physical reasonableness (i.e., 0<n<l,
if the fractional area hypothesis for a two fomponent mixture is
correct); and (b) the goodness‘of fit of the observed signature
to the fan (i.e., 65 = 0 if the observed vector is close to a

theoretical vector lying in the fan).
This study uses only the supervised mode.

III. Application of the Fanning Algorithm in Forestry
| One goal*of the Earﬁhlkesourceé Group at GISS is to make
useful forest type maps with Landsat data. Forest'types used in
current practical forest inventories in the northeastern U.S. are
defined by the ptoportion of hardwood (deciduous) and softwgod‘
(evergreen) trees in an area. Definitions and their interpretation
vary from user to user. If the fanning algorithm could provide
objeciive and consistent quantification of forest type proportions,
Landsat maps could meet or ev;n surpass users' inventogy speci-

fications.

IV. Results to Date
As a test of the fanning technique, a classification was
compared with a detailed inventory of % million acres of forest

land in northern Maine,‘managed by the Seven Islands Land Company,

~ Bangor, Maine. Landsat data was recorded in August, 1976. The

¢« inventory, done the same year, breaks owt four general forest types:



Type H/S Ratio
Hardwood 100/0 to 75/25
HS 75/25 to 50/50
SH 50/50 to 25/75
Softwnod 25/75 to 0/10C

A scale for the fan was set up where 0.0 represented pure -
hardwood and 1.0 pure softwood. One would expect, therefore, to
partition the forest types at values of 0.25, 0.50, and 0.75 on
the scale. To match inventory acreages on the 29 subareas (town-
ships) of the applications area, however, the scale had to be
partitioned at mean values of 0.294 (+ 0.046), 0,536 (= 0.044),
and 0.642 (* 0.043). Although these values were significantly
diff;rent from expected, they were consistent across the appliQ
cations area. This suggested that actual partition values could
be determined quite confidently from a sample area. The parti-
tioning determined from two sample townships (10% of the area)
was used to make acreage_estimates for the four forestitypes in
the applications area. Differences between classification and
inventory were within 5k% over the area as a whole, and within
an average of 22% by township. These differences are similar to
those observed in a classification of the same area using a

"discrete categories" algorithm.

To test temporal consistency, the fanning algorithm was also
applied to Landsat data from July, 1976. Over an application
' area which was limited by clouds, Auvgust partition values were
0.271, 0.522, and 0.638; guly values were 0.212, 0;500, and 0.647.
Slope of the fegression'line between dates was close to 1, and
correlation, was high (0.997).

—4-
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It can be concluded from the project that the fanning algorithm
provides consistent quantification of mixtures of two forest types.
Partition values for specific ratios of purse types, however, have

to be derived empirically at this point.

V. Advantages of Approach
Several approaches which treat pixels as two component
mixtures have appeared in the literature. ‘fwo strong points of .

the GISS approach are:

- 1) The technique is based on a simplistic physical model rather

than a statistical approach, and readily allows for improvement
by model refinement (e.g., a more recent version of the algorithm
takes into account shadowing and slope effects by permitting the
fractional areas of the xiyo components to sum to less than one).
2) In unsupervised mode "pure" type signatures are extracted for
the end points in a group of pixels and the mixture ratio is
determined for each remainind pixel in terms of these bpure types.
The algoriihm automatically rejects pixels which are inconsistent
with the two component mixture hypothesis. '
The practical application outlined in this paper provides perhaps
the first quantitative evaluation of a mixture classification

algorithm for large area inventories,



PROGRESS REPORT
APPLYING LANDSAT MEASUREMENTS
TO FOREST RESOURCE INVENTORIES

Kevin Doran and 5ibb Dodge, Cooperative Extension Service, coodinated their
activities with Emily Bryant, Dartmouth College and other representatives of GISS.

SITE SELECTION -

1. Fiaished developing field maps of deer yard areas ia the towns of Washington,
Stoddard and Henniker for the N.H. Fish and Game Department. Will deliver to
the Derartment and test usefulness.

2. Select gypsy moth defolfation training sites.

3. Select new spruce-fir defoliation training sites

GUIDANCE AND EVALUATION

a) GISS on making changes in computer programs to produce better products
continued.

b) Dartmouth work-study students - mapping techniques, observing ground truth
sites, development of rotation and scale change program.

¢) Private landowners with larse ownership - using computer maps as field tools
d) Revise and update 1981 work plans |
e) Evaluation - analyze computer outputs resulting from GISS program changes

COLLABORATION

1. Serving on Cooperative Extension Service National Task Force for remote
sensing - advice to Extension Committee on policy related to Extension activity
in remote sensing technology transfer.

2. Update information to the University of Vermont, University of New Hampshire,
Maine Forestry Group, 6ISS, ERRSAC, GSFS, Remote Sensing Group of Northern
New England, New Hampshire Fish and Game Department and Office of State Planning
and NEARS personnel,

3. Remote sensing meetings with University of New Hampshire and Office of State
Planning, and Dartmouth.

4. Met with N.H, Office of State Planning personnel on New Hampshire Landsat
demonstration project with ERRSAC.

o E nelo 5%1—



TECHNOLOGY TRANSFER AND REPORTING

1. Landsat presentations to clhsSgs of Dartmouth

2. Generate remote sensing technology to New Hampshire Fish and Game Department
and Division of Forests and Lands.

SUBMITTED BY:

Kevin Doran, Program Assistant

Arthur "Gibb" Dodge, Jr.,
Program Leader
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Landsat for Practical Forest Type
Mapping: A Test Case

Computer classified Landsat maps agreed to within 5 percent of a
conventional inventory of forest lands in northern Maine,

INTRODUCTION

MANY peopLE have used Landsat data in map-
ping natural resources and cultural features
(Baueret al,, 1978; Dejace et al., 1977; Gaydos and
Newland, 1978; George et .l, 1977; Krebs and
HofYer, 1976; Mukai and Takeuchi, 1979; Odenyo
and Pettry, 1977). In particular, researchers across
North America have reported use of Landsat data
in mapping forest resources (Beaubien, 1979;
Dodge and Bryant, 1976; Harding and Scott, 1978;
Johnson et al,, 1979; Kalensky et al, 1979; Kirby et
al,, 1975; Kourtz, 1977; Mead and Meyer, 1977;

Seven IsLanps Project

The Seven Islands project developed from a
contact with a potential Landsat data user
employed by the Seven Islands Land Company,
Bangor, Maine, Sevea Islands manages 690
thousand hectares (1,7 million acres) of forest land
in northern Maine and New Hampshire, They re-
quire information about forest types on their lands
for management decisions and for taxation pur-
poses, (The state of Maine taxes forest land by ap-
plying different values to softwood, mixed wood,
and hardwood forest areas.) A detailed inventory

ABsTRACT: In g cooperative profject, computer classified Landsat maps were
compared with a recent inventory of forest lands in northern Maine. Over the
196,000 hectare (485,000 acre) area mapped, estimates of area of softwood,
mixed wood, and hardwood forest types by the two methods agreed to within 5
percent, Cost of the Landsat maps is estimated at 6,5 cents per hectare (2.6 cents
per acre). Although the information derived from Landsat is not yet refined
enough to be incorporated in current forest inventories, the techriques used are

worth developing.

Sayn-Wittgenstein, 1977; Titus et al., 1975; Wil-
liams and Haver, 1976),

The goal of the Dartmouth forestry section of the
Goddard Institute for Space Studies is to use com-
puter classification of Landsat data to make fores
type maps which are useful to the field forester
Thus, the person who cruises the forest rather thar
the upper level manager is the “user” for whor
the Landsat maps are being developed.

of the Seven Islands lands was underway at the
time the contact was made. This presented a rare
opportunity to iest Landsat’s ability to meet prac-
tical user information needs: the user require-
ments were well defined (in the inventory spec-
ifications) and there way a product, the standard
inventory, against which to measure Landsat
mapping performance.

With the cooperation of the Seven Islands Land

1575
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Company, a project was started. The goal was to
match their inventory specifications as closely as
possible using computer classification of Landsat
data, and to create, quickly and inexpensively, a
product suitable to submit to the Bureau of Taxa-
tion. There is a diflerence between this and some
other Landsat applications projects. S iccess is
measured by agreement with a gives inventory,
not by agreement with “ground truth” gathered by
the Landsat investigators. A positive aspect of this
approach is the elimination of biases which Land-
sat investigators might introduce in gathenng their
own ground truth.
More specific goals of the project were

® To map the Ashland District portion of the Seven
Islands lands (Figure 1);

® To match computer-classified Landsat categories
with Seven Islands inventory categories:
softwood, mixed wood, and hardwood forest
types, non-forest areas, water, and roads;

® To calculate area for each category in each Seven
Islands management unit (units are usually
townships ur parts of townships); and

® To produce geometrically corrected computer
printout maps of the area at 1:24,000 scale.

The following constraints were put on the pro-
ject in order to approximate an operational situa-
tion:

® Minimize the amount of ground truth used in
creating and checking the Landsat classification
(methods dependent on large amounts of ground

SEVEN ISLANDS LAND COMPANY

ASHLAND DISTRICT (shaved)
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Fic. 1. Ashland District portion of Seven Islands Land
Company lands, an area of about 196,000 hectares
(485,%4X) acres). Individual parcels are not always con-
tiguous and range in size from 400 to 10,500 hectares
(1,000 to 26,000 acres).
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truth are suitable only for research situation.’,
and

® Keep tiack of expenses—human and computer
tinse, cost of data and supplies—to give an esti-
mate of cost per unit area.

THE ASHLAND DISTRICT

The Ashland District, managed by Seven Is-
lands Land Company, consists of land in 29
townships in northern Maine located between 46
and 47 degrees north latitude. In most of the area,
the political subdivisions are “unincorporated
townships” where there is very little permanent
human settlement.

The individual parcels or townships in the Ash-
land District are not always contiguous and range
in size from 400 to 10,500 hectares (1,000 to 26,000
acres). The District comprises a total of 196,356
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Fic. £. Oblique (above) and vertical (below) views of a
portion of the Ashland District. The vert:cal view is an
example of the black-and-white infrared phiotos used in
the Seven Islands inventory (original scale 1:15,840;
photos taken in May, 1976).
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LANDSAT FOR PRACTICAL FOREST TYPE MAPPING 1577

hectares (485,310 acres) (Figure 1). The most
common forest types in this area are

® spruce-fir (Picea sp.—Abies balsamea)

® maple-beech-birch (Acer saccharum—Fagus
grandifolia—Betula alleghaniensis)

® northern white cedar—black spruce (Thuja
occidentalis—Picea mariana)

Figure 2 shows oblique and vertical views of
part of the Ashland District.

THE SEVEN ISLANDS INVENTORY

The Seven Islands inventory is based on aerial
photo-interpretation, “3-P" (probability propor-
tional to prediction) field sampling, and the sTx
computer program (a standard forest measurement
program). Figure 2 includes an example of the
photos used in the inventory. The inventory con-
sists of type maps, acreage tallies, and volume es-
timates. This project concentrated on matching the
maps and acreage tallies, leaving volume estima-
tion to other techniques.

The Seven Islands maps distinguish vegetation
by type, size, and density to a 10 acre minimum.
Acreage is determined for each forest stand, and
totals are computed by type for each township. For
tax purposes, the many forest types distinguished
in the inventory are gmuped into three more gen-
eral types according to the proportion of softwood
(conifer) to hardwond (deciduous) trees in an area:

® softwood—at least 75 percent of the trees are
softwood.

® hardwood—at least 75 percent of the trees are
hardwood.

® mixed wood—the proportion of softwood to
hardwood trees lies between those of the
:z::\vood and hardwood categories as defined

ve.

The above are the general forest categories that
were to be matched in the Landsat classification.

Procepure
GENERAL OUTLINE

The project employed computer programs to
make maps and acreage tallies from Landsat mul-
tispectral scanner (mss) digital data. A supervised
classification approach was used. It was devel-
oped at the Goddard Institute for Space Studies
(G1ss) by Stephen G. Unzar and is described in
Merry et al. (1977). With the ciss classification al-
gorithm, the program use defines a volume in
four-dimensional color space around an average
signature for each land cover category. The sig-
nature is usually the average reflectance of a land
cover type as taken from a representative sample
of the mss data (a “training site”). The user can
create a classification category for which there is
no training site, if there is another source of sig-
natures.

Fi. 3. MSS band 6 image of the 11 August 1976 Landsat
scenes used in classifying the Ashland District (scene
identification numbers 5480-14040 and 5480-14043).
Ashland District is outlined; sample townships are
labeled 1 and 2. Water 1s black, softwood dark gray, and
hardwood light gray.

DETAILS OF THE SEVEN ISLANDS PROJECT

Landsat data used in the Seven Islands project
was recorded on 11 Angust 976. Scene identifi-
cation numbers are 5480-! 440 and 5480-14043
(Figure 3).

Ground truth consisted of

® Representative copies of the photos used in the
Seven lilands inventory (Figure 2);

® Seven Islands inventory maps and acreage tallies
for two of the 29 townships in the District;

® Personal knowledge from an overtl.ght of the
area;

® Prints of photo-mosaics used for location of forest
harvests (scale 1:31,680); and

® Topographic maps (scale 1:62.500).

There was no gronnd checking except indirectly
through the inventory information.

We chose signature training sites in the mss data
(usually 10 to 30 pixels in size) for softwood,
hardwood, water, bog, and open categories using
the aerial photographs. Mixed wood signatures
were made by interpolating between hardwood
and softwood signatures,

The tolerance parameters for the forest cate-
gories were adjusted so that the acreage tallies
would agree with the Seven Islands inventory on
two sample townships (Table 1). Discrepancy in
acreage figures on the two townships taken to-
gether was under 3.5 percent; it was under 10 per-
cent when they were considered separately. The
two townships comprise 19,000 hectares (47,000
acres), about 10 percent of the Ashland District
(Figure 3).

.- A
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Tasix 1. Forrst Tyre Anea EsTiMaTes rox Samrie
Townsmirs rrom Seven Iseanos Lanp Company
AND LANDSAT INvENTORIES.*

Forest 7 Islands Landsat Percent
Type Tally (ha) Tally (ha) Diff.
Sample Township #1
Softwood 4 331 4 573 +56%
Mixed Wood 3 320 3n7 -6.1%
Hardwood 830 906 +9.2%
Total For. 8 48] 8 506 +1.4%
Sample Township #2
Softwood 4 247 4 017 ~54%
Mixed Wood 3 286 3 591 +9.3%
Hardwood 1 826 1 667 -8.8%
Total For. 9 360 9 275 ~0.9%
Sample Townships #1 and #2 Combined
Softwood 8 578 8 591 +0.2%
Mixed Wood 6 606 6 707 +1.5%
Hardwood 2 656 2 572 -3.2%
Total For. 17 840 17 K70 +0.2%

* Both Seven lslands and Landsat tallies were normalized so that total
ares in each township matched the deeded acreage as listed in the Seven
Islands records

Boundaries of the management units (town-
ships) were superimposed on the Landsat data
using a masking program. They were taken from
topographic maps, using water bodies as control
points,

ASHLAND DISTRICT

TAevienas of Aevteres
[} 100

Bl osoveen [T] werewens
- Woaes woes D O

Fic. 4. Seven Islands Land Company inventory tallies
for the Asaland District and Landsat computer classifi-
cation results for the same area.

Resurrs
RESULTS RELATIVE TO THE GOALS

Map the District. A printout map and acreage
tally by category was made for each management
unit in the Ashland District.

Match Seven Islands categories. Area compari-
son is one measure of how well the Landsat
categories match Seven Islands categories. /rea
tallies for the entire district are shown in Tab. » 2
and Figure 4. Differences between Landsat and
Seven Islands forest type acreage estimates are
under 5 percent. As is to be expected, they are
larger for the individual township tallies. Figure 5
shows Seven Islands versus Landsat acreage esti-
mates for the individual townships for so
mixed wood, hardwood, total forest, water, and
open categories. Both the Landsat and the Seven
Islands inventory acreage tallies were normalized
so that the total acreage in each township matched

Taser 2. Anea Forimares or Forest Tyees anp Reraten Fratores iv mir Asuieann, Mamve Districr Demiven
rROM 5 i n IstanDs Lano Courany Invevtory anp Lanpsat Computer CLASSIFICATION,

Seven lslands Landsat Difference
Hectares % of Hectares % of Hectares
Acres Total Acres Total Acres %
Softwood B7 104 444% B8 884 45.3% +1 780 + 20%
215 285 219 683 +4 398
Mixed Wood 71 976 367 74 498 379 +2 522 + 35
177 895 184 127 +6 232
Hardwood 27 482 140 26 121 133 -1 361 - 50
67 924 64 561 -3 363
Water 5 911 30 4 695 24 -1 216 -206
14 609 11 605 -3 004
Open Land 823 04 663 03 - 160 -195
2 035 1 639 - 306
Bog 3 060 16 242 0.1 -2 818 -92.1
7 562 599 -6 963
Unclassified* e i T e 1 255 06 . —
...... 3 102
Total Forest 186 562 950 189 503 96.5 +2 941 + 16
461 104 468 371 +7 267
Tota! Area** 196 356 1000 196 256 B S
485 310 SR e e

* The Seven Islands inventory included no “unclassified” category,

** Both Seven Islands and Landsat allves were normalized so that total ares in each township matched the deeded acveage as listed in the Seven lslands

records
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its deeded acreage as listed in the Seven Islands
records.

Agreement in locations of features on maps was
desired as well as area agreement. An informal
comparison of Landsat maps and Seven Islands
inventory maps shows that the positions and
shapes of the forest stands generally coincide
(Figure 6). As a more formal test of locational
agreement, 130 sample pixels in one ground truth
township were selected at random, and their
Landsat and Seven islands categories were com-
pared. Results are in Table 3. The overall agree-
ment (diagonal entries in the table divided by the
total number of samples; 83/130) is 63 percent.
While this seems rather low, other Landsat appli-
cations studies involving forest types have simi-
larly low overall agreement, depending on exactly
what the categories are, how they are aggregated,
and how the samples are chosen (Table 4). Overall
agreement ranges from 43 percent to 98 percent,

This single pixel method of measuring classifi-
cation accuracy has inherent problems. Minimum
feature size classified on the ground truth maps is
often greater than one pixel (0.4 hectares or 1.1

acres); in this case it was 4 hectares (10 acres).
Exact location of one-pixel samples on ground
truth maps is uncertain. Each of these

can lower the measured accuracy of a classifica-
tion, regardless of its actual accuracy.

In the non-forest categories, it was found that
roads were not located with enough accuracy to be
useful; also, bogs were often classified as forest,
and small streams were not identified.

Tallies for each township. Acreage by township
and category is in Figure 5 as mentioned above.
Locating township boundaries was very time con-
suming but essential for comparison with the
standard inventory results,

Geocorrected data. The Landsat geometric cor-
rection used was a systematic correction applied to
the entire Landsat scene, using a nearest neighbor
resampling scheme. The accuracy was acceptable
over the one-township size units (8000 hectares or
20,000 acres) used in the Seven Islands project.

REMARKS ON THE CONSTRAINTS

Minimize ground truth. ()riginlll(. the Seven
Islands inventory of the two sample townships

Photo - interpretation

- Seliwene D Sireeme
3 wiee wone 6D awen
S S eP— B3 osen ey
B3 (o one pones Rooe
. Seerensiiy tiewed G Grave! pn

Computer Classification

. Seftwees E‘ LI

D Miasd wees m “oee . .
D Herdwood m Gravel on}

EB LU ” . m Uncieseitiee

i: SR

from Lendse! dete

Fic. 6. Seven Islands inventory map (above) and Landsat computer classification (below) from
one of the two sample townships. Informal comparison shows that positions and shapes of forest
stands generally coincide. Landsat data has been systematically geometrically corrected (original

scale 1:24,00).
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Tasix 3, CompParisoN 0OF SEVEN ISLANDS AND LANDSAT CLASSIFICATIONS,
Tur 130 One-Pixsr SamrrLes were SkLrcrep a7 RANDOM rrom ONE SamrLE TOwNsHIP,

Seven Islands Categories

Landsat

Category Soft Mixed Hord Water Open Other Total
Softwood 41 12 1 1 0 3 58
Mixed Wood 16 23 3 0 0 2 4“
Hardwood 0 8 6 0 0 1 15
Water 0 0 0 12 0 0 12
Open 0 0 0 0 0 0 0
Other 0 0 ) 0 ] 0 1

Total 57 43 11 13 0 6 130

- Sum of disgonal entries = 82, or 63% of the 130 samples total,

was not included in ground truth, Preliminary re-
sults, however, showed a large discrepancy be-
tween Landsat and inventory maps. The only way
to match given categories was to have a sample of
them, not just the inventory specifications, Since
the size of the ground truth sample townships was
large, the priginal goal was expanded from map-
ping three townships to mapping the entire dis-
trict,

Cpsts. The cost estimates for this project are
listed in Table 8, The overall cost of 6.5 cents per
hectare (2,6 cents peracre) includes human time at
ten dollars per hour, computer time at 600 dollars
per hour {on an IBM 360/95), and ground truth,
The cost of ground truth for the two sample
townships is 37 percent of the total cost-—2.4 cents
per hectare (0.99 cents per acre), The cost also re-
flects inefliciencies whicl, would be eliminated in
subsequent projects, The estimate excludes cost of
software development, depreciation on the com-
puter, photo-mosaics, topographic maps, and
geocorrection of data, Classification of a larger
area would reduce the per area cost; estimated
cost for 800,000 hectares (2 million acres) is 2.4
cents per hectare (0,96 cents per acre). Table 6

compares this cost estimate with those from other
Landsat applications projects. They vary from
0.078 to 8.6 cents per hectare (0.032 to 3.5 cents
per acre). Much of this variation is due to differ-
ences in the items included in the estimates
(sometimes ground truth is excluded) and the cost
assigned to the items (cost of human time varies
from 5 to 21 dollars per hour),

The information derived by computer-
classification of Landsat data could also be derived
from standard photo-interpretation techniques,
The company that did the Seven Islands inventory
gave a ball-park estimate of the cost as 11.0 to 16,0
cents per hectare (4.5 to 6,5 cents per acre). (Rate
for the Seven Islands inventory itself would be
higher because it is more detailed),

Discussion

Although acreage results on the forest categories
were within 5 percent, those for the remaining
categories (water, bog, open Jand) had much larger
discrepancies (Table 2; Figure 5), Possible expla-
natiens of these discrepancies follow, First, there
is a smaller sample: together the open, bog, and
water categories comprise only 5 percent of the

Tasre 4, ComrARISON OF LOCATIONAL AGREEMENT ResuLTs,

# Diagonal Total # Overall Sample
] Entries of Samples Agreement Selection
Refcrence Categories (Pixels) (Pixels) (Percent) Scheme

Bryant et al. 6 82 130 63% Random
Harding and Scott 1978 5 142 302 47% Stratified
Johnson et al, 1979 6 107 200 54% ;. Grid
Johnson et al, 1979 3 169 200 85% © Grid
Kalensky and Scherk 1975 4 1118 1342 83% (4-date) .
Kalensky and Scherk 1975 4 . . 67%-82% (1-date) .
K‘:lensky et al. 1579 9 4024 4123 98% Control Arcas

ensky et al. 1979 9 4061 4123 98% Control Areas
Kalensky et al, 1979 9 - 3978 4123 96% Control Areas
Kirby et al. 1975 6 401 676 . 58% Pixel Columns
Mead and Meyer 1977 11 560 1305 43% Pixel Rows
Mead and Meyer 1977 11 779 1478 53% Pixel Rows
Williams and Haver 1976 6 162 232 70% Random
Williams and Haver 1976 3 232 90% Random

. 208

¢ Information not provided.
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Tanis: 5. Seven Istanns Project Cost Estivares.
Size or Arca Crassinien: 196 400 Hrcranes (485 310 Acnxs).

Cost % of Costha Costa
Item (Dollars) Total (Cents) {Cents)
Materials! s 6w 4% 0.36¢ oleg
Field Expensest 780 61 040 0.]6
Inventory of Sample Townships® 4 BOO a7 24 0
Signature Development! 4 490 a3 23 093
Subtotal: Initial Costs $10 769 84 % 55 ¢ 22¢ .
Run-off and Taliy of N ‘
Ashland District® $ 2070 16 % Lle 043¢
Total Cost $12 839 100 % 65 ¢ 26 ¢

Projected Cost Estimate for 800 000 hectares (2 000 000 acres)

Initial Costs

(As Above) $10 769 56 % 13 ¢ 054¢
Run-off and Tally 8 600 44 11 043
* Total Cost $19 369 100 % 24 ¢ 097¢

Uincludes alr photos, Landsat images, Landsat CCT’s, and computer supplies,

¥ Includes travel and labor costs. (Labor valued at $10 per hour,)

1 Estimated: cost for 19 500 hectares (48 000 scres) at Z5¢ per hectare (10g per acre).
¢ Includes 305 hours labor and 144 minutes computer time (vabied at $10 per minute),

S includes 106 haurs Jabor and 90 minutes computer time,

area classified; the rest is forested. Next, the reso-
lution of Landsat (80 metres) is coarse relative to
streamns and narrow roads, These features are ab-
sorbed into the surrounding forest types, This may
account for the Landsat underestimation of water
and open categories,

Confusion in Landsat categories may account for
the underestimation of the bog category, Bogs
were often classified as mixed wood or hardwood.

Forest acreage tallies for some individual
townships had noticeably large discrepancies. In
one case (circled in Figure 5) this could be attrib-
uted to difference in classification of partially cut
areas which included many small softwood trees
and a few large hardwood trees. The photo-
interpretation in the Seven Islands inventory,
which is based on numbers of trees, indicated
softwood; the computer classification, based on
average reflection, indicated mixed wood.

A factor influencing forest classification is sun
illumination, Classifications of forest areas within
terrain shadows have a bias toward softwood,
Merging of digital topographic data and Landsat
data could improve this situation (Krebs and
Hoffer, 1976; Strahler ¢t al,, 1979), Over a large
enough area, these differences balance each other
out,

There are some problems which researchers
cannot solve, One is New England weather, which
is relatively cloudy. It is possible that in some
years there would be iy Landsat coverage at the
desired times of year, Another problem is the ac-

.

quisition of data, At this point there is a long tum-
around time in ordering Landsat computer com-
patible tapes (cct's), Also some private organiza-
tions do not want to depend on government
sources for their data.

CONCLUSION

Bearing in mind the objective to give quick, in-
expensive, and accurate acreage estimates of forest
types to the Bureau of Taxation, the following con-
clusions are drawn, Results were very good on the
district as a whole, but were not good for the indi-
vidual townships, Each township has unique rec-
ords of accounting and ownership and must have
proven and precise forest type information, In
some cases this is needed for portions of a
township that are as small as 400 hectares (1000
acres), The 400 hectare tract requires the same
level of precision that was reached in this project
with the tallies for the 200,000 hectare tract,

On the other hand, the energy situation is be-
coming more burdensome, and satellite informa-

tion will become more important as a supplement -

to aerial photographs and other information
sources. Further research in satellite data process-
ing techniques could bring the information to a
more useable level and is worth pursuing.

RECOMMENDATIONS

More experience using satellite data in practical
situations is recommended. Computer classifica-
tion may currently be as reliable as photo-

%
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. interpretation, but there are differences, and they

need to be identified. Perhaps some of the infor-
mation missing in the current Landsat maps can be
extracted from higher resolution data such as the
quarter acre resolution projected for Landsat D
(Williams and Stauffer, 1979). Already, examina-
tion of Landsat 3 vav imagery suggests that woods
roads will be much more distinet with 30 metre
resolution,

SuMMmany

Landsat classification maps were made for a
forested area in northern Maine, manuged by the
Seven Islands Land Company. Over the 200,000
hectare (half million ucre) district, results agreed
with a standard inventory to within 5 percent on
area of general forest types. Cost was estimated at
6.5 cents per hectare (2.6 cents per acre), Accuricy
measurements and cost estimates were compa-
rable with other Landsat forestry applications
projects,

The techniques described here are promising,
but are not yet practical for Seven Islands Land
Company’s needs. Further rasearch and perbaps
better spatial resolution are needed to ensure reli-
able Landsat results on smaller geographic areas.
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RESULTS OF THE SEPTEMBER 22, 1980 RAVE STUDY

OF THE MOUNT ST. HELENS PLUME

Jarvis Moyers
University of Arizona®

)

This -paper presents .a description of tha joint University-NASA
research project RAVE (Research on Atmospheric Volcanic Emissions)
and preliminary results from a recent Mount St. Helens expedition.
The RAVE scientific team consists of scientists from Drexel University,
Dartmouth, Michigan Technological Institute, University of Arizona,
University of Maryland, and NASA. A Lockheed Orion P-3 four engine
turbo-prop aircraft has been outfitted with active and passive instru-
mentation for monitoring arnd sampling gases and aerosols in volcanic
plumes. The first field study in this project was performed on
September 22, 1980 at the Mount St. Helens volcano. Measurements
made in this study include remote sensing of SO, and aerosol burdens
and fluxes; in plume analysis of so,, H,S, NO, 50 , O, and particle
size distribution; and the filter collection of aerosols and reactive
gases for subsequent laboratory analysis. There was a very success=-
ful integration and operation of all onload equipment and experiments.
Available results obtained in this are presented and discussed.

dchemistry Department, Tucson, AZ 85721
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ABSTRACT DIGEST
SYMPOSIUM ON

MOUNT ST. HELEMS ERUPTION:

ITS ATMOSPHERIC EFFECTS AND
POTENTIAL CLIMATIC IMPACT

Washington, D.C.
November 18-19, 1980

Sponsored by: NASA-Office of Space and
Terrestrial Applications

On kehalf of: U.S. National Climate Program

Organized by: Institute for Atmospheric Optics
and Remole Sensing

Institute for Atmospheric Optics
and Remote Sensing,
P.O. BOXP ] HAMPTON, VA 23666




CONTRIBUTIONS OF C02 AND 50, TO THE ATMOSPHERE

2
FROM VOLCANIC ACTIVITY AT MOUNT ST, HELENS

D. M. narxlaa. T, 3t Caandavallb, and D. A, Johnaconc
U.S. Geological Survey
W. I. Rnse, Jr.; and T. J. Bornhorst
Nichigan Technological Universityd

jg_ﬂ*_gggjbur. L, L. Malinconico, and S. N. Williams
Daremouth Collages -—

]

The resumption of volecanic activity at Mount St. Helens in
March 1980 prompted measurements and study of CQ, and S0, emission
rates. The objective of these studies is to provide Infdrmation
about the degassing of the subsurface magma body. Although the
principal propellant of the explosive eruptions at Mount St. lelens
i1s probably 1,0 vapor, emission rates for GO, and SO, may also be
useful indicators of voleanic activity., Sighificant”changes in
emission rates for these gases may occur as a result of various
factors such as migration nf gases from deeper magma, intrusion of
magma toward the surface, changes in the concentrations of CO
and/or SO2 in the silicate liquid, changes in the degassing rate
of the silicate liquid, and changes in the permeability of the vent.
Aside from providing information relevant tc¢ eruption mechanisms, the
measurements of sustained gas emisvuions together with the pre-eruption
volatile concentrations provide a basis for inferring the presence
of a magma body and for estimating the volume of degassed silicate
liquid remaining at depth. The total amounts of C0, and 50y released
to the atmosphere by nagma degassing during non-eruptive periods
at Mount St. Helens can be estimated from the msie than 70 measure-
ments of emission rates. One must increase these numbers by the
amounts released during explosive eruptions.

AReston, VA 22092
bvancouver, WA 97663
®Menlo Park, CA 94025 (deceased)

9youghton, MI 49931

’Hanover, NH 03755
17

Cnclosvie &

G, b



. conme. R S TR R

3&5\“ melvblg *hr e 34, 1160

ExFract |
65234/6 Pullet'n # (2

Dec ?5(‘) 19 §0 '

Volcanic Activity
Tarumai Volcano (cont.)

b OAYS

-e e

Figure 3: Monthly numbers
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Mayon Volcano, SE Luzon Island, Philippines (13.26’N. 123.62%E). All times are

local ( = CMT + 8 hours).

A moderate quantity of dirty white steam rose weakly to 200 m above the
crater rim on 4 December at 1247, accompanied by short-duration harmonic
tremor on the Mayon Resthouse Observatory seismograph. Faint crater glow
was first noted at 2315 the same day. Additional steam emission was observed
12 and 14 December, . e

Harmonic tremor was first recorded at Mayon on 16 August (see SEAN Bulletin
v.5, no. 8). Episodes of tremor and discrete earthquakes continued through
December. Similar scismic activity preceded the 1978 eruption (see SEAN
Bulletins v.3, nos. 2, 5, and 8) and accompanied crater glow in July 1279
(see SEAN Bulletin v.4, no. 8). , )

Olimpio Peiia, Acting Commissioner, Commission on
Hizon B ezon City, Philippines.

: Information Contact:
Volcanology, 5th Floor,

Voleanic Activity in Nicaragua, El Salvador, and Guacemala, late 1980

Geologists from Dartmouth College, the Instituto Geogrﬁfico Nacional
of Guatemala, and the Instituto de Investigaciones Sismicas of Nicaragua
observed 8 Nicaraguan, 2 Salvadoran, and 2, Guatemalan volcanoes between
aid-November and early December. Dartmcuth geologists provided the follow-
ing report.

Nicaragua

Cerro Negro (12.52°N, 86.73°W) - Summit crater fumaroles remained at temperatures
T as high as 300°C. A small vapsr plume was intermittently visible. Seismic
activity had dtopped from the high level of June,

Cosiguina (12.97°N, 87. SS‘H) - No fumarolic activity was visible from the rim,
£=—nc./uswe 7
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Valcanie Activity
Nicaragua, El Salvador, Guatemala, (cont.) .

Las Pilas (El Hoyo) (12.48°N, 86.68°W) - A small continuous vapor plume was
T still being cmitted from the top of the km-long crack in the summic.

Masays (11.95°N, 86.15W) - Emission of a very large gas plume has continued
without interruption since fall, 1979. Remote sensing of $02 revealed
continued high level flux, with 1,500 - 2,000 tons/day average for the
entire year. The hole through the surface of the lava leke was larger
than in previous years and a great deal of sublimation was occurring

around its edge. No lava or red glow was visible during daylight. Acid
gas and rain continued to cause considerable damage downwind.

Mombacho (11.83°N, 85.98°W) ~ A small, intermittent plume was visiblc.
ri-ing from the SE section of the summit.

Momotombo (12.42°N, 86.55°W) - The summit crater fumaroles continued to
be very hot with temperatures measured up to 735°C and reported to >900°C.
A small vapor plume continued and rcmote sensing revealed very low rgtes

of SO~ emissjon. Portions of the crater were seen to glow red and orange
when observed at night, with the highest temperatures on the steep S wall
of the crater. No seismic activity has occurred recently at Momotombo.

San .Ciiscdébal (12.70°N, 87.02°W) - A moderate-sized vapor plume rose con-
tinuously from the summit. Remote sensing of SO> revcaled increased. flux
since June 1980, but SO02 emission remained far below che levels of the
mid-1970's. L

Telica (12.60°N, 86.87°W) - A moderate-sized but continuous vapor plume
rose from the summit crater. 807 flux was remotely measured and found to
be approximately 150 tons/day. ‘

El _a_lvador

Observntions were made during a flight over the country.

Santa Ana (13.85°N, 89.63°W) - A moderate plume rose from a bank of fumaroles
on the SE wall of the inner crater, very similar to its appearance in
November 1978.

San Miguel (13.44°N, 88.27°W). - A small, continuous vapor plume rose from
the summit crater.

’

Guatemala

Pacaya (14.38°N, 90.60°W) - A very small cinder cone had grown inside
MacKenney Crater in the last 2 months. A large gas plume rose continuously
from the summit.

Santiaguito (14.76°N, 91.55°W) - Ash and gas eruptions from Caliente vent
(at the E end of Santiaguito Dome) occurred irregularly over the 3-day
period of observation, with intervals of 1/2 hour to 4 hours between
eruptions. Most eruptions lasted 2-3 minutes and sent ash and gas columns
to heights of several hundred m to 1 km above the vent. Five mm of ash
accumulated at the foot of the dome over one 12-hour period. Eruptions

L}
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Volcanic Activity
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Nicaragua, El Salvador, Cuatemala (cont.) '

‘Caliente vent in February was apparently still very active. Large

occasionally threw 10-cm blocks several hundred .m and ejected tephra to
well above “he summit of Santa Maria. Although not directly observed,
the plug dome and blocky lava flow that was seen being extruded from

avalanches of glassy material could be heard from Caliente vista many

- times per hour. Debris from these avalanches was visible in the barranca

below Santiaguito.

Information Contacts: Richard E, Stoiber, Stanley N. Williams,
H. Richard Naslund, Lawrence L. Malinconico, and Mark Conrad, Department
of Earth Sciences, Dartmouth College, Hanover, New Hampshire 03755 USA.

Samuel Bonis, Instituto Geogrdfico Nacional, Avenida las Américas, 5-76,
Zona 13, Guatemala City, Guatcmala. o

Arturo ‘Aburto and Douglas Fajardo, Instituto de Investigaciones S{smicas,
Apartado Postal 1761, Managua, Nicaragua..

SEISMIC EVENTS | .

Earthquakes

TIME DEPTH
DATE (CMT) MAGNITUDE LAT. LONG. OF Focus REGION
7 Dec. 1737 5.7 Ms 36.02°N 1.23°E 10 km N Algeria :
17 Dec. 1622 - 6.7 Ms 49.41°N 129.61°W 10 km W of Vancouver Is., Car
19 Dec. 0117 6.1 Ms 34.54°N 50.70°E Shallow N-central Iran
22 Dec. 1251 5.5 my 34.39°N  50.49°E 32 km N-central Iran

» e

’ t
The Algeria event injured 20 persons in the El Asnam area, devastated
by earthquakes 10 October that killed thousands and left about 400,000
homeless (see SEAN Bulletin v.5, no. 10). There were no reports of casu=-
alties or damage from the 17 December shock. The 19 December earthquake
killed 26 persons. The nearby event 3 days later caused 3 deaths and 139
injuries according to official reports. ‘

Information Contacts: National Earthquake Information Service, U.S.
Geological Survey, Stop 967, Denver Federal Center, Box 25046, Denver,

‘Colorado 80225 USA.

United Press International.

The Associated Press.

Egrtﬁquake Swarm .
Siquijor Island, Philippines.

A swarm of earthquakes began to be felt at Lazi, on the S coast of
Siquijor Island, on 17 December. By 19 December, recorded events averaged
102/hour and several may have reached magnitude 4-5., Loud detonations re-
portedly accompanied the seismicity. The next day, 95 strong earthquakes
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rest en & Ton of earlier 1980 pyrochagtic fiow
deporits, The paths of the besa) portions of
the flows were controlled by topoyraphy, Bile
Towing, convecting clouds of ash thet emanited
from the dense groundmu?q(n flows probedly
were produced Gy elutriation of fine particles
from the flutdized mass by escaping gosgs. TYhat
incorporated alr ray have been an imporlant come
ponent of thase qeses 13 sydgested by terperse
tures determined on a flowage depodit sonn ofter
emplacement, which gonerally decreased toward
the terminus of the flow. Thiy decrease, of
more than 200°C, iy be due to progressively
gredter cooling of the flowing mass by incorpos
rated air with {ncreasing distance from the
vent, Expansion of air incorporated and heated
in the pyroclastic flows could hive contributed
to the fiuid behavior of the flows, One pyroe
clastic flow observed on August 7 traversed 5,7
im $n 7 minutes through an elevation drop of 750
m, attatning & manirum speed of 100 km/hry  Ven
1ocities over verious segnents of the flow path
appesr to have been controlled by slepe engles.

vy

MI, ST, HELENS LAVA DOMC: PETROGRAPHY AND
MINERAL CHEMISTRY

LD, Raedeke, £.A, Mather and A.0. lrving
{Dept. of Geologica) Sciences. Univers ty of
Washington, Seattle, WA 96195}

The Mt, 5t. Helens tava dome, emplaced short-
1y after the June 12, 1980 eruption s a porphy=
ritic dacite, Plagioclase (32 mods] £) dominates
the phenocryst assemblage as ,5+2mm euhedral to
subhedral laths. Most plagloclase show concentric,
nearly continuous zoning from a subhedral core to
8 euhedral rim. Glass ?3_ ﬂuldz inclusions
mottie the cores of some crystals, or occur along
distinct growth rones near rims, Orthopyroxene
phenocrysts (5%) tccur as elongne euhedral
prisms (<lmm), Hornblende {3,5%) forms subhedral
crystals which commonly are rimmed by a 20ne of
fine-grained mnqneiiu 4 pyronene + glass, Magne-
tite and {imenite (0,5%) occur as smal} phenos
crysts or as inclusfons In silicates, Clinopyros
nene phenocrysts are rare. Nejther biotite nor
quartz were found, The groundmass (603) is mostly
Fhyolitie glass (V5% 510,) with atundent microe
phenocrysts of plagiociase, Electron microprobe
analysis of the pll?iochse phenocrysts shows
that normal 20ning s most common, with mean core
compositions of An 56 {range An 4B-66) and rims
of An 50 {range An 44-59), Although rare, some
plagioclases were found with strong reverse zo-
ning from cores of An 32 to rims of An 50. Horne
blendes (tschermakitic) are also mgnny z0ned
and have two distinct sopulationst 1) molar Mg/
MgiFess,72, molar K/kiNas,07 and 2) Mg/MgeFes=,64
K/Kitia®, 14, Hypersthene (uozcnssrmg and sugite
{Wod3End2Fs15) are relatively constant in compo-
sftion, The oxides are typically UspIMt6?, and
$ImB1Hm9, Using the Buddington and Linds)ey
(1964) geothermometer and assuming equflibrium,
these oxide cmpos!%oas yield a crystalifzation
1-945°C and 10107104, “The two distinct cheme
{cal populations of plagioclase and hornhlende
fdfcate the participation of at least two compo-
sitfonally distinct magmas in the formation of
the June 12 lava dome,

V3

MY, ST, HELENS LAVA DOME, PYROCLASTIC FLOW AND ASH
SAMPLES: MAJOR AND TRACE ELEMENT CHEMISTRY

A, lrving (Dept. of Geclogical Sciences, Univ,
of Washington, Seattle, WA 93195)

J,M, Rhodes and J,W, Sparks. (Dept. of Geologys
Unfv, of Massachusetts, Amherst, M 01003

Samples of the lava dome emplaced {n the crater
of Mi. St. Helens several days after the June 12,
1980 eruption, pumice boulders from the m{ 18,
May 25, July 22 and August 7 pyroclastic flows,
and varfous ash samples from different Jocations
have been collected for chemicsl analysis, Here we
present XRE and INAA dats for the dome, one pumice
boulder and three ash samples. The rock semples
¢4 twa of the throe ash samples are similar in
major elements, indicating that the 1980 magma has
remained fairly uniform §n composition over the
periad May to August, The magms 15 a medjun-K, Si-
poor dacite, The June 12 ash sample has lower S{0,
and K,0, and higher Al,0y, total FuQy Mg0 and Cal,y
and méy have experiencdd airborne enrichment in
phenocryst minerals, The rock samples are Jight-
REE enriched with a possible s1ight positive Eu
anomaly, and contain 12-13 ppm Co, 8-13 ppm Cr,
71-100 ppm ¥, $-10 ppm Sc and 270-290 ppm Ba,
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RHEOLOCICAL PROPERTIES OF MUDFLOWS ASSOCIATED
WITH RECENT ERUSTIONS OF MOUNT ST, KELENS

s _Pink
W, Falin (Uvology Deparinent, Arfsens fitate
Univeraity, Teape, AL 03201)

Wheological propertiss of thiree aupsrposed
nmudflows on the south side of Mount St, Helens
vere caleulasad uning techniquas based on the
geometyy of the flov deposite, Measurements
of the sizes and densities of suspended bloche,
thicknesses and slopea of levees, and incli«
nation of the {low aurfaces an they maved
around banked curves gave estimates for yield
atrengthe, plastic vis'osities, mean (lov
velocitice, and volumetric flov vates, The
Jovernont flow had the Jargent volume, smallest
wedfan g!nln stre (1150), lowest yield mtrength
{400 N/me), highest mean v:lgcsty (3! w/e) and
volumetric flow rate (2400 w?/a), The two
Jater flows{middle; upper) had lerger grain
sizes (480u; 600U) and strengthe (1000 N/m2;
1100 K/m2) and lower velocttiea (10 m/s) and
flow gates (300 n3/0), An upper bound of 300
N-a/a¢ was placed on plastic viscosity of the
lovermast flov; wetimstes for the upper flows
sould not be obtaineds The lowermost flov vas
probably cauied by the catastrophie evuption
of May 18, when large volumes of ice and vrock
were mohilized, Larce smaller mudflown vere
observed forming by fetlure of the enow and
ashecovered slopes on the scuth rim of the
sountain in wid=June,

Yield atrength messuremente sre being used
in conjunction with rainfall, topographic and
ash thickness dats to predict areas of highest
susceptibiiity 1o new mudflow formation during
the upcoming rainy season,

The 1980 Eruption of
Mt. St. Helens IV
Emerald Room HI
Tuesday PM

Robert L. Christiansen
(USGS), Stephen D.
Malone (U of Washington),
Presiding
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FXPLOSIVE VOLCANISM: POSSIBLE SOURCE OF
AGGREGATE. PORMATION ON MARS

DN, Krinaley, J. Yink, and R, Creeley (Department
of Gu;loly. Avivona State University, Tempa, A2
05281

The recant eruptions of Mount St, Nelens
{ljusteate the important effects vhich large vol~
umes of valcanic ejecta may have on the opacity
of the atmosphere, which {n turn could effect clf-
mate, Hence, any process vhich modifjes grain

R

aize will strongly influence atmaspheric disperss -

a1, as well an effecting sybeequent near surfuce
esolian transport,

During the ash fall in Portland, Oregon,
vhich accompanied the June 12 eruption, large
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Jparticies were pbasrved Vhich brode tnte mellier
greine upon mpacting the groued, !h-lz» suggeete
that the particien vere composed of 1ler onee,
locaely bonded, Theee on called “oggregetes,”
have Reen uond to enplatn seversl selign phineme
ona on Mare, Theoty, ebaervatiens and laboratery
aaperiments sugzest that the sandeafaed fraction
on Nars ie depleted, Novever, It is penerally
accopted that fandralied particies ave necodssry
for the formatjon of dunes on Mera, A prepéssd
sojution fn the creption of electivrateticelly
bonded sapregaten by mechanical abraston; these
have been produced i the Jaberstery,

Aspregate formation hes been attyibuted am~
clunively to aolfan abrasion; hovever, the seche
anical disintepration vequired to produce spare~
aates also octure during exploatve volcenic ernip=
tions, HRecenit ohservations from Mount ST, Belens
suggest that evuptions may indeed pruduce electro~
atatic sgpreaates, although thedr formation mey be
hindered by stmospheric water, Volcenically de-
cived aparegates dinperard by global vinds could
significantly increass the pepuletion of send
sised particles to the Javel necessary to fore ea-
tennive dune (le)ds on Mars, large concontvations
of Cine geataed, unconnal ldnted materiale noer
Martien voleapses could be ande of ssnd sized g~
avegates, gather thay amaller ash particles.

VARIATIONS. OF $02 AND €Oz ENISSION RATES AY
MOUNT ST, HELENS, MARCH 29 TO JULY 22,1980

T, J, Casadevall, D, Johnsten, D, M, Hareis
L 5 Geological Survey, Vancouver, WS 98660)
R, Es Stofber, 5, N, Willtams, oné
Le Lo Malinconico {Dartmouth Callege, Wanever,
™ 03785)

The objective of thete studiet {3 to provide
informition about the degassing of the sidsurface
magms body ot M. St. Helens, Emission rates of
507 were determined by ground-based and sirborne
correlation spectrometry of SO; in plumes, Enige
sion rates for (02 were determined by measuring
€0y anomalfes along flight paths norma) to the
plume trajectory at various altitudes, the cross
sectional ared of the plume, and the wind velec-
i1ty, 502 measurements began on Merch 29 and
COF on July 6, ’ .

rom March 29 to May 14 S0» emissien nte’
wire between 10 and 50 metric tons/dey (Te*!)
No additiona) S0 emission datad was odtained
until the afterncon of the May 25 eruption,
when the rute wes 2000 Td*) durfng Hght emis-
sfon of ash, Later, the rate decreased to about
150 Td=1 {n the absence of ash emissjon,
increase {n 50, emission to Y000 70°' eccurred
ahoyt 7 days before the Jure 12 eruption end
emplacement of the lava d?m. The emisston
rate remained at 1000 Yd=' through June 22.
On or before July 5, the rate fncreased to about
2600 Td~); then from July 6.to B 1t decressed
gradually to about 1190 Ta=t, About 5 Nours
before the July 22 eruption, but after the onset
of ?remonllory sefsmicity, 8 measurewent of 1900
Td*} was obtafned. Whether this increase in
S0z preceeded or followed the seismicity is
not known, During the period July 6 - 22, mease -
urepents of 02 showed , decrease from 10,000
Td°' to about 5,000 1¢°7, Wmen the 50, enfssien
rate increased ebruptly on July 22, the COp
emissfon rate remained low. This coused o -
large decresse tn the C02/502 ratio; several
interpretations are possible.

V0 IVITED PAPER

€02 CHISSION RATES AT MOUNT ST, MELENS
BY AIRBORNE PLUME MEASUREMENTS

0. M. Marris (U, S, Geological Survey,
atTonel Center, Reston, ¥YA'22092)
M. Sato {same ounns

An eirborne method for determining the CO;
emission rate at M. St, Helens was developed
because the rate {5 difficult to obtain from
measurcments at fumaroles in the crater. The
€02 cuncentration varf{ations along fight paths
pre obtained by an infrered method using con=
tinuous flow of 4ir through & €.75 m pathlength
gas cell and transmission measurements at the
4,26 .4 m absorption band for CO2. Data from
each 111ght path are corrected for pressure
and temperature by using the National Advisory
Comnittee for Aeronautics (NACA) standard
atmosphere, Measurements of the C0p concen=
tratfon along flight paths perpendicular to
the plume trajectory at var{ous altitudes yteld
a set of concentration profiles. The mass rate
of emission 15 calculated from the spatislly
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PEARIC-FRAMOUS RQUILIDALLM 1% SILICATE LIQUIDS
ATl M

h!...rlnl. (Dépt. of Conloay & faophyaice,
Univeraity of Califernis, Berkaley, Cu, $4720)
5:8.8, Carnichael

The concentragion of Fe,0y and FeO han been
detareined in 37 silicate l’quln, fovering
virtuslly the whole patural renge of lavanw,
quonched from superliquidue temperatures (1200~
13350°Chand with ashient prysen figacitien rlon
te W), In coajunizcion Lith puhlishied data, the
fovgiesforgoun vatin §n 14) milticsmpotint
oblicote biquidn (o hont fictrd hy an eopirfcal
agustion relactng the natural Jor of onyaen
fugscity, ahsolute tewperature and the componi=
slon of the Liquid an followet

ia (l}::o)/i;:;) LR 184,01

| b o Lds0gy,
At o - bavon,,
300000, + 0,0001X,,
DL, o+ barimny

where _lm, rofers to total iron calculated an

Fo0, Ouygen fugacities calculated for the ana-

Lysed sanplen of the Makaopuhi tave Loke are

oystematically bov by 0i4 to L lo.m g depend-
2

1

ing on temperature, but the correspondence with
velues dorived frow caeninting YesTi oxides in
frash andesites and stliceous obatdians s good,
The higher oxidation stete of alhalt-rich baafe
lavan tndicates higher oxygen fugacities (it the
) than is typical of theletitic lavas;
sitate more magnesisan olivines to
both oxygen fugecity and lower silica
sctivity, in comparison to thefr tholetteie
sauaterparee.

v

ACCURATL FIRST PRINCIPLES (30THINMS FOR NoC)
10 )00 XILOBARS

#,5.7. Bukow|nsh} (Dept, of Geology and Geo-
physicy, Unlversity of Celifornia, Berkeley,
Ca, 9%720) .

Beckar's squation of state for NaCt, fre»
quently used for pressure callbration, has
sotisfactory accuracy to pressuras of ths order
of 150 kllobars, Wa report an attempt 1o gen-
erate sccurate theorstical lsotherms for Nall
that are retiabie to 30O kilobars,

The 0°k Isotherm of NaCl s computed with the
old of & firss principley calculation of the
energy spectrum and charge dansity In the 91
structure, The Augmented Plane Wave method was
used to chtalh the self-consistent band strucs
ture, The exchange and corralation Interace
tlons ware approximated by the Hadin=Lundquist
potentla), which contalns no adjustable para=
maters, A modifled version of the virial
thaorem wWas used to compute the pressure,

The predicted 0°K Tattice constant of NaCl is
tn very good sgresment with the best avallable
es{imatas, as ara the zero pressure bulk~
mdelus and its pressure derivative. Since the
aecuracy of the theorstical methods Improves
with compression, we feel that wa have & very
occurate 0°K isotherm,

Finite temperature jsotherms are being gen=
erated with the help of avellable therrodynemic
data, including ths temperaturs dependent
Cruneisen parometar, Room temparature results
will be compared with Decker’s equation end
avalloble static compression results,

vis

BIISOLUTION KINETICS OF SELECTED SILICATE
WIMEAALS UNDER ACLD CONDITIONS

0. 1. Slegel (U.3, Geological Survey, St. Paul,
Rinn, 33101)

The dissolution of bytownite, uicrocline,
enstetite, sugite, biotite, and torsterite in
scidifiad delonized water ves investigated at
near standard teeperature and pressure and con~
stent pi of 4,00 to deternine the kinetics of
the relasse of atlica, colzium, and mignesiue,
el cations and stlice followed parabolic
rat for sbout the first 700 hours ot re-
action tise, then Linear rate laws from about
700 te 1,800 heurs of resction time, Estisated

= @ e T

Lineoreriis .;’po“oan for relesse of oilice
ronged from 107177 aoles per vgw' contineter
per s0cend for forsterite to 10777 males per
sauere centimeter per secand for enstatite,
*Linearerote canptents {or'“l!no of magnesive
ranged trom 107 5% 19 1071843 gotes per sonte»
seter seuared per §icoad fer forsterite and
biotite, respaciively, Colel " rnguc' ]
Linear retes roanging frem 10 1o 10779
seles per centimeter squered per second for
aupite ond nicractine, respectively. Aelesse
of asgnesiua from forsterite was about 23 tiees
foster than the relesse of coelciue from by=
townite, and wes at Least two tives fastee
than the release of magnesium trom other fer~
roasgnesian minerals, The rete of colciva
from sugite wes sbout 10 tines faster
¢ium release from Bytownite, The dife
ference in ailice relesse from plagioclave and
torsterite and the mych greater rate of magnesi
un @ from forsterite compared to the
colcium release from Bytownfte suggest that (1)
chomical weathering of gadbbroic rochs in open,
f5 systeas {9 genereiiy domineted by the
disvolution of alivine and feldepar, end {2}
stivine provobly weothars at Leset an order of
sspnitude faster than feldeper,

V19

THE PANTITIONING OF REK'E, Sc, Rb and Co BETVEEN
A SILICIC NELT AND A CL FLUID

JA, Wehster
5.!. Holloway (both at; Ceology Departeent,
Ariaona State Univergity, Tespe, AZ 85201)

The parcitioning of Sm, Euy TH, Yb, Lu, fa, Rb,
ond Cn between & 51 rich melt (79 wvr 2 §107) and
sn aqueous €1 flutd (A molal CI) has been ex~
perimentally determined, Runw were condusted
for 10 days at & kb and 1000°C in an internally
heated srgon media pressura vessel, Pt capsiles
vera used, Th arting materiale were & ayn~
thetic Fe-free analogue of the Bishop Tuff and
& KC1-NaCl-M30 solution, A vapor to melt ratio
of & 411 vas used (200 mg f1ufd to 30 mg glase).
Reversals were obtained by runaing duplicate
capsulas with the trace elements fnitially n
either the Tluid or in the xiaw, Relative o
the original glass mass, approximate concentra=
tions of 350 ppm (or the AEE’s, 12 ppm Se, 100
ppm Co and 250 ppm Ab vare used, Trace element
concentrations in the starting slass, Cinal
glass and vapor solute vare determined by INAA,

Thie C1 fluld does not ceuna any fractionstion
between the REE's but doea {ractionate alkali
elements from the REE's, Distribution valies
(D)) In mass unite are shawn belov, Nare parti-
tion coeffictents as concentration in melt/con-
centration in fluld (fncluding H;0) can be ob~
tained by sultiplying the Dy valusa by 9.07 ¢
1,13 for all elements but Sc and by 3,46 ¢ .46
for 5S¢ The uncertainty is chiafly due to in=
conplete solute recovery.

eoncentration (n glass
Alemant Dt ® Concentratton in solute
Se .04 £ .45
(1] 1288 ¢ 002
Co . 2348 £ ;000
fa 9.47 ¢ ,31
Ew 1,602 ,40
Th 10,09 ¢ ;20
b 10.74 2 .58
L 924 ¢ 1,73
.
hd s
V130

THE. COORDINATION CHEMISTRY OF SOME TRANSITION
NETAL IONS IN HYDROTHERMAL SOLUTIONS

Wicholas J. Susak (Departwent of Ceologicel and
Geophysical Sciences, Princeton Universicy,
Princeton, WJ  08544)

David A, Crarar

(Spenser: W, Jasan Norpen)

The viaidle and near=infrared apeccee of o(11)
and Ni(11) have bdeen messured along the lignid-
vapor curve of 0=5 m NaCl sclutions wp to J00°Ce
At lov tempevstures and low chloride concentre=
tions (-l these fonn ere octshedrally coor-
lirund'fy water and c<hloride, The abscrption
peske of the octehedral (0,) complex undergo o
red=shift with incressing temperature ar m, in
responee to Increased thermal vibretions of the
formation. of higher chloride complexrs, Above o
teapersture T_ which is o function of the metal
{on and m, he 0, complex gradually converts
ta » tetrehedral complen (T;) until & tempera-
tute T, ebove whizh only the T, complax ie
presentt  The spectre of Felll) and Culil) up to
90°C show only & red-shifted 0 complus but
ligand-f1eld considerations euppest that there
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isne ohauld aife convert to & T sooplen ot

Maher tomparstures,

A chongs te @ Y, compien vill increase the
feae enesgins of “the complened fun thoreby
chaniing the squllidriva esnstants for winersl
solvation yesctions, Thie resulte in hinghot
mninrrel solubilivios, Sueh etevenchemicel
tranafermations esy ecceunt for chonpes (n
ainorel sening patgerns and say be {sportent 00 o
depesitionsl amchanion,

vl
HYDROTHEMIAL CILAY NINFRAL, FORMATION QP BAST
PACIPIC RUIRE AND BAUER BASIN SEDINENTS

Lagy M urg ey
listishewen aai (zolh ats  Newald Institute of

Geophysice, Unlv, of Novail, Nonolulu, Wi 94822)

Senplen of surface metallt{erous nedinent
recovared from the erest of the Kaat Paiific Rise
at 6°8 and 10°8 latftude and frem the adjacent
Pauer Banin are characterized hy authiaeni»
rally farmed, trenerich montsorillonite that
doninates the non-carhnnate mineraleny of the
clay fracelon (<2 ym), Alghough previous vork
hoa muggested that these iron~rich montmorilio~
nites ave formed by seafloor-tesperature, dias
genetic procenses, ve have ohtained oxypen
feotoplc formatfon temperatutes which Indicate
that the Lyon wontmoriilonites sre crasted by
fov-tesparature (30° to 30°C) hydrothermal
processes,

The elay fraction vas chenteally trastad to
temove calcfum catbonate and fron onide phases,
Thess trestments did not remove cpaline stlfcs
phases, wvhich SEM resulte indicate are larnely
blogenic tn arigin, Decauss biogenic sidice
phanes are 190 enriched, sfnirus formation tem=
perstures vanging From 2% to 32°C vevre calculared
for the montwosillonite, Maximm formation tem=
peratures ranging from 33" to ¥4°C wvare calculated
by employing published £0'* values for hiosenic
silice in mans-halance equations,

Thene fron montmarillonites are posaibly formed
an n result nf the conling and onldation of unate-
ble, higketemperatire (IR0* ¢ J0°C) sulfide envem=
hlages recentlv dimco on the crant of the
Eant Pacific Risw of aé a fedult of the ferenias
tion ol hydrathermally altered seavater solutlons
through undeclying banalt and sediventa, The
videapread sedisentatfon of the clay nineral (o
suggented to he caused hy roliatdal tranapore,
posaibly by the bottom current eronion af hydrs=
thermal moujrdw, Hydrothermal fron montwarillonites
pantronite formation mey act as s direct and sig~
nifteant aceantc nlnk for 51 and Fe relesned by
the high=temperature altevation of banalt at
ocean spreadipg centers,

Airborne Sampling of
Eruption Clouds of
Explosive Volcanoes
Gold Rush B

Friday AM

R. D. Cadle, W. I. Rose, Jr.
(Michigan Tech.), Presiding

y 132 INVITED PAER

RONITORING OF 503 PLUR AT VOLLANOES

iawrence L. Mallnconico
Richard £, Stolber (both st1 Dept, of Earth
Sciences, Dartmouth Collego, Manover, NW 03755)

Monftoring 507 from saveral active vols
cances has beon carried out With a ¢nrrelation
apectromter (COSPEC) irrogularly for various
time intervals over the last eight years. At
Fuego. and Pacaya, Guatemala and San Cristobal,
Nicaragua and to a leas marked dejren at others
we note a elow rise and fall in 50; flux over
perioda of monkhe or years resulting in a change
of botween ond and two orders nf magnitude, The
maximum |98 often coincidant with periods of in-
creaned aruptive sctivity, either lava or pyro=~
clastic, though not always a major eruption,
shen these occur, the flux increases Lo even
greatey levols, The nine year crisis st San
Cristobal; now apparently ove¥, beqan in 1971
with the fipst noticeable qas eminafon since
the 17th Century, It .culminated with vary minor
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b eruptions 1N 197G, celncident with the high=
wet §O; fium of thoussndi of wetyic tons per
day:  In 39O the rale has dropped te 70 tone
Jak day. AL Masays Volpana, Ricayaqua, we
have swasused the beglpning ol & Srasatic new
Liend,  $O; emidsion La almcat an order sf
PIAILUYY Jreatar Lhan St wak IR the 19707,
Bimibior wveRLE have DOOVITYS approxisately 33,
50 aid 73 ywars ago ami lested fyom 5 te 30
yvata, We die cantinuihg Lo study this event.
Theve gradusl chates In 50 flux soatyest
Vith BHOKL %erw insteasew in Elux of hours or
dayn duration which hisve preewded ash erups
tlone at ML, Eina, Sicily,

(N

:R\

le”" 1w m I
! SHATES "AHD CONCINTRATIONS OF VOLCANIC PLUMES

e

[

wunlmi vure 21,0 ppms

HTORED N CENTRAL AMEAICA AND WESTEM INITED
STATEE

Richerd &, llgg!-!
lawivtivw L, Malinconico

Uanley N. Widllame {a]) sty Dupt, of Eatth
sulvies, Baytmouth Colluge, Hanever, Ni 01758)
Wk, Minner (twpt, of wiological Sclences,
Etantord Unlv,; Ntanford, CA  9430%)

The sorvelation spectrometey (COMPEC) ehd
#0r deractor (Interncan) have been uved bath
carsborne ahd a3rhoine Lo seasire the rate of
production and congentration of s0r in vaitaniz
plumcs in Nigaregus, Suatemala, and Washington
Ftate. A method of flying at successively Jower
elovationn at & distance downwind from an sct=
Ively degansing valeant lias heen developed to
determine the pluke thiekness and lateval disens
wipns. Thess data are the basey for construction
of “ladgdere® ~= threesdimnsional sross sections
ol volcanlt pluses a1 various distances from the
volcanw, Theke teveal thai the $0; plume actus
ally haw & legger gross section than that of the
visible vepor pluma, Discretv 507 plumes have
beon sutlined st dlatances of greater than 80 ke
from Lhe valeano,

¥y have jiceviously used the COSPEC for
deteisining the rate of §0; smisaion froe vole
canves, In addition, we now gslculate complets
congentEation frotiles throughout the plusm,
Thit InteEaean which ¢lvectly neasures 5Op vons
contration has been usad simultanscunly with the
e, the date interyrated, eni xompaied with
the COSPEC data, The resulte agree very well.
Conéentyation dlstyipution in cyoss moctions of
the Mawaya, Nitaragua voleanie plume saveal
sreas of O.4 ppe as [ar downwing as 37 Am.  Jn
the azuively rising sruption golumn directly
over the vent of Santiaquito Dome, Guatemals

V I3 IWITED PHER

GAS ANALYSES OF ALRBORNE SAMMLES
TROM 5T, HELCNS CRUPTION PLUME

0.k, Crann [ Alr Pollution Research Section,
Fashington State University, Pullman, WA 99164)

Whole afr 938 sanples have been collected
in the numeriy s walcame eruption plumes of Mg,
5ty Helens B avg 4688 siedm and ashk eaplos
sfon of Marws ;o Ediiseene sanples have been
collected usimy 75 o afrcraft h tollaboration
with the Untversity of dashington; Los Alamds
Setent1f1c Labs and the Departrent of Energy,
and EPA Lax Vogas, The samples have been
analyzed for & variety of trate gases ith
erohesis on components such 4% CQS, (57 and
€02 whictn occur tn valcanic emissions, After
eoreeetion for sample transfer losses, CU0S
Tevels rangad from 03 ppd to 2.8 ppb; CS;
from U, U8 to 0.7 ppbe  the trace as levels
will be related Lo concurrent measurénents
such as S0z, 135 and/or S04, as well as other
{14508 parameters ohtatned by the various
collaborators,

V1S INVITED PAER

COMPAR I SONS BLTWEEN AIRBORNE MCASURCMENTS OF THC
YOLCANIC tnlmuns TROM MY, ST, AUGUSTINE 1976

NI, Ste WCLERS 1900
P, V. Hobds
v Py Redhe

0, As Hegy .
Mo W Litgroth .

Je B Tuell (011 at Cloud and Aerosol Research
Group, Depts of Atros, Scts AK.40, University of
Washington, Scattle, WA 98195

Extenstve airburne measurements have been
obtatned of the particles and gases wmitted during

the explesive eruptions of M, St. Augustine,
Alasia, tn 1976 and M. St, Helens, Wapningien, in
1950, These teo peolagically simtiar volcanoes
both produced 9assTICh wephra vepresenting & range
of Source matertals Trom andetite to diCites

The i, 5. Augusting eruplion consiyted of
three periads of envlotive yulcdalim, fagh
‘:ragresmeiy weaker (Jenvary, february and Nril,

¥I0)  Dyr sediurcsenls were wade during
Fetruary, f8110wed by [OSiogruplive medsurements
in Avrily 193, Dur segsurdephils OF the M, St
Ielen®s eruption bave covered the entire eruptioca
sequence ta date, incluging preseruptive, eruptive
ang ihtraceruptive, ond Ingiude severa) of the
five mjor eruptidng,

The sie disirtbutions of perticles measured
during the eruptions of both volcenoes ere i
reaarhably sixtlars In both cases the particles
gonsist watnly of super-micron siged s‘mlcm
{with ¢ small water soluble component),

Strongly Jcidic eafssions, wilh 8 mjor sube
#icron cowpeonent, were characteristic of the
intraseryptive phases of both volcanves,

The sulfur gases from M, Ste Awjustine
resatped largely Sy until sure than a year afier
\he Initial vroptionss 1is3 had resained 3 signifis
Lunt gomponent of the sulfur onissions from M,
Sty telenys tewever, the net sulfur flunes frow
the volgenoes ware gengrally similees

untthe Mo 5o Augustine, the 103 emissions
from Mty Ste Heleas have been octastondlly signis
ticans {=hg 3°4)c Whun large anounts of trage
gases were present, oepletion of ozone was nated
in the intraseruptive Plumess

MASAYA VELCANG, NICARAGUAT A WAJOR BOURCY, OF
TROFOSPUERIC $0) DURING 1980 AND ITS IMPACT OM
THE ADJACENYT ENVIRONENT

Stanjey ¥y !ilnl-l‘
NiKhard K. stoiber
N.W, Johlison
W,k Winer !
<A Parneld, Ir,!
1Js Huebert

The greatest natural contribution of 90y
as and aerpscl to the troposopheze in 1980 is
1tuvad to be the D0.5 x 10% st nitted friom
Wantinge Crater ot Maveya Volocang, Nicavagua,
1h 1972 4t was about Ide of thie amwnt, B0
Llus and Lhe ratio of §0;0iIC1 gan Lidicate an
i€} vuntribution of 30,6 » 10° m for 1980, The
Jarye continpoun 80 emivnion which began in
Lavi 1979 16 nimllar to events of about 23, 350,
nd 7% years ago, sach of which lawted 5 to 10
dars.  Ground fevel 50; concentvations up o
%o ppa prour al 15 ke downwind, Visuul damage
e clopd fovest carrelates with highost ges
lavelk, yet pareanial yoderstory species appear
healihy dospite latye amounta of 50p ditfuned
through stomata,  “Acld raln® beneath the plume
has » vanae of pH from 2.6 ¢a 1.9: 1t e larne-
Iy neutratizad by vontact with herhacrous undare
ALOTY vegetation. Stream and springvater in the
avea presently bhow do agidification affects,
In the soilx, which are developed in Quaturnary
ashlall depasity, Swo acid neutralization pros
CibEeS appear Lo OLEUFs  The move effeptive pro
cous Invaives bave leaching from exchange sites
tn hase~rich #0118 (MO11ic Vitrandepts) which
producos yelatively high seil pHs (6,38 » 7.28),
A Jusk effective prosess invalves the dissolys
Kion of amorphous, sluminous phases (allophane)
in the more pootly buflered nolle (Typic Dure
apdupite}, which produces much Tover safl pis
{4,5) = §,50)4
Yinvpts of Karth Sclences, Dartmouth College,
Manover; NIl 03755
fept, of Kiological Sclences; Stantord Univ,,
Stanfprd, CA 94305
Yepty of Chemistry, Colarado College, Colorada
Bpyingu, Co 80%0)

V1% INVITED PNER

GAS CHROMATOCRAPHIC DETERNINATION OF S0
CONSTITUENTS OF VOLCANIC CASES

10, Cadle (National Center fer Atmospheric

*’lcvurclﬁ Kaulder, Coloredo 80307)

LiE. Buldb (Natiannl Genter for Amispheric
Numearel, Bouldery Calorade 80307)

Cas chromatographic snalyses have barn sade of
the gasun emftted wfth.v as fuse or wruption
claude T¥om Pacaya, ,uego, end Santlagulte
volcanoes in Gustemxlaj the Kilaues “Sulphur
sank™ and Mauna Joa in Jlavalll and M2, 5t
Heleta, Jduring the early erages of fts 1980
etuptive eycle, when the eruptions vere lavgaly
or entirely phrestic.
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Apong the conglusions reached are that %, B,
Helens stupted various migwa gasss even during
the phrealle stages of the eruptions, that ah
sathane giten sbserved In volconic gosen do
ainank cerialnly of wapms oviging, ond that
voleanoen are anly o sinpi sdutce of cordony)
sulfide 1 Lhe atmosphere,

SThe National Center for Atmospheric Resssrch s
sponsored by the Netional Kifence Youndatien,

vis

CORPARISON OF ALROSOLE VMW BAUPTI(NS OF
FSANTIADVITO, GUATIMALA AND ST, WELENS

o {Brunsvich Corporatten, Costa Weas,

Ay Yitie
[N c: soods (NASA Langley Dasearch Coatex,
Hanpton, VA 23663)

The results af divect sirbeme ooresol
sasp)iing 87 eruption elouds [roe Santfspuite
in Yehrusty, 1980, are compared with those
in Fobruary, 1978, The sultisidal (mestly
wedemacal) nature of the awsosol sine distrie
butfun appears to be generally the sens, dut
the amount of sulfurie acid burden se the
salid pakticled appears much Jese fn 1900 then
In I¥16, Thers is no dincernible {edther by
SLM tmaping oF electronseicroprobing) mantle
of acid on parcicles Jarger than ebout 5 pe
fn the 1980 eruption sasples, whila thase from
1978 vere Jiberally mantied: The serly,
phreatic wruptions of St, Helens tn April,
1900, vere found to produce o nesrly
sefasal, with large (» 15 sa) plagieclase
particles free of any acid,  Evea the wry
spall nusher of yubemicron particies (constis
tuting & 13 of the total aerosol mess) are
feee of atdd mantling. Dy contrast, the
acroas) froe the premonicory esisnions froe
5ts Neleaw In August, 1980 (Just preceding
the Aupuvt 7 eruption) vas trirmedal, and the
sub-micron mde particles vare coversd with
sulfuric acid,

V19

CIARACTERIZATION OF STRATOSPHERIC ASROSOLS N
ERUPTION PLUNES FRON M2 BT, WELERS

f1y € _Kugde (NASA Langley Rewsarch Center,
Wimplon, VA, 23eeY)

Re Lo Chudn (Brunsvick Corperation, Costs Ness,
CA, 92626)

(SBpansort  Pe B, Rusesll)

Dats on serosn)l sfze distridution, concentration,
mrphology aid coapontcion have heen obtained in
the wteatosphetle clouds furmed by effiuents from
the eruptivne of Mty 5b. Helenw, A multistege
Inercdal Impactor, vhich classifive seronale by sine
and svasures the mans In each sise interval by sesns
ul plezoelectrle mityobalances, vas [Jown through
the eruption gloud oif the NASA Ames V<2 teswarch
airevafc along vith other sampling fnetruments,

NHeanurements very wade on May 22, 1900, & daye after -

the May 38 enviption, on May 27, 2 daye afCer the
Hay 25 eraption and o an aged pluse, on June }7,
The sive discributione 40 the, (resh pluees (Nay 22
and Hay 22) vere found to be monowade) and very
narrow In Bire band with moat of the wess fepscting
tn atages 7 oand b of the cancade jwpactor corgee-
ponding ta geometr i swan particle diametors of
0,20 vwoand 4,5 pa, Thusy are quite 41 (lnrent
from the divscibutlons uhlatned In the mild eruption
pluses mtasurid near the vente of St, Nelons in
AfEEY sl Augual 1980 and Trom Santiaguito and Yuego
tn 1978 wiidch worw multimddal and covered & much
hroader wiee paikes  OR the ather hand, the sine
AINteibution 1 the wied stratuvepheric plume.

tdune 17 mvakurement, prolibly from the May 18
vrupt 1on) wan mull iidal with peake ot sbput

0,0 wim, thlepm and Lo dum dlamiter,  Energy dlo=
prenivy weray analysis show the particles An lerger
HERe Tange 23,0 wu Lo consing of sfdicates (mostiy
S4 and AL With spme solfuric actd, while the sube
nicron wiee particles constet almost entirely of

sulfurie actd droplets, i
V10 INVITED PAER
RALLOON-BORKNE  AERDSOL REASURDNENTS POLLOWING

THE EKUPTION OF HY. ST, NELKNS

0, 4, Hofeann

Ju Ko Kowei (both atl Depariment of Physics and

Astronomy, Univeusity ol Vyowing, Lerswle, WY
nny

.
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