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Potential Growth for Oregon's Food Processing Industry
Through Application of New Dehydration Methods
WALTER J. ARMBRUSTER

Extension Food Technology Economist, Oregon State University
Technological improvements in existing dehydration
methods and development of new dehydration processes
present growth opportunities for Oregon's food processing complex. If Oregon is to maintain or expand its
importance in food processing, the opportunities in dehydration must be explored. Oregon's large food processing industry is important in the production of a variety of foods for the nation's consumption. Most of the
vegetables and many of the fruits, meats, fish, and grains
produced in Oregon are processed in some manner
prior to shipment to consuming areas. Most of Oregon's
fruits and vegetables have been canned or frozen, with
dehydration limited primarily to prunes, green peas,
pear puree, and freeze drying of some foods for military use.
Conventional drying methods such as drum drying,
spray drying, and belt drying have been improved to
make them more suitable for dehydrating a greater variety of fruits, vegetables, and other foods. New methods
such as foam mat, freeze dry, and vacuum drying are
generally more expensive than conventional methods,
but they of ten produce better quality dehydrated products.

Table 1.

Modern methods have resulted in many improved
quality characteristics of dehydrated foods: improved
color, more rapid rate of rehydration, better texture of
the rehydrated product, less flavor alteration, and
greater retention of volatiles. As a result, many food
products may now be satisfactorily dehydrated that were
unacceptable a few years ago. Consequently, there are
new opportunities and challenges for Oregon's food
processing industry.
The challenge to Oregon's food processors is to
adapt their products to dehydration where such a move
is indicated by analysis of market growth opportunities.
Producers of commodities may need to adopt commodity
varieties and cultural practices in keeping with the needs
of good quality raw inputs for dehydrated foods. Further technical improvements in dehydration methods,
adaptation to product uses, and production of commodities suited for dehydration are necessary if dehydration
is to be a growth area for Oregon.
The numerous dehydration technologies improved
upon or developed in recent years are not equally applicable to all products. Table 1 presents a brief sketch of
the characteristics and types of products which can be

Characteristics and Cost Estimates of Selected Dehydration Technologies

Process'

Input

Product

Commodity

Dry-blanch-dry
Drum dry
Explosion
puffing

Solids
Liquid

Solids
Powder or flakes

Solids

Solids

Foam mat
Microflake
Foam spray dry
Freeze dry
Vacuum drying
Osmotic dehydration

Foamed slurry
Foamed slurry
Foamed liquid
Liquids or solids
Liquids or solid
Solids

Powder or flakes
Flakes
Powder
Powder or solids
Powder or solids
Solids

Fruits
Tree fruits, milk whey,
potatoes
Berries, tree fruits, potatoes,
vegetables
Berries, tree fruits, vegetables
Nonparticulate food materials'
Eggs, milk, and dairy products
Most food products
Tree fruits, vegetables, meat
Berries, tree fruits

Costs°
$ .02
$. 03 more than hotair-dried diced
$ .06
$ .04
$ .02
$ .15
$ .08

See appendix for a brief description of these processes.
b Costs per pound of dry solids, drying costs only; taken from N. Potter, et al., "The AMF Microflake Food Dehydration Process," Activities Report,
Vol. 16, Fall 1966, Research and Development Associates, Inc., pp. 194-200. Relative costs calculated using typical plant installations and typical yearly drying loads as bases for amortization of equipment, utilities, labor, and taxes.
e M. E. Lazar, et al., "Dry-Blanch-Dry (DBD) Method for Drying Fruit," Food Technology, Vol. 17, No. 9, Sept. 1963, pp. 120-122. Costs for dehydrating fruit by this method are anticipated to be higher than for sun drying, although use of commonly available tunnel driers and continuous blanchers
should keep costs below that for most mechanical dehydration methods.
d Estimate for potatoes taken from V. A. Turkot, et al., Explosion Puffed Dehydrated Potatoes III. Estimated Cost of Commercial Production Using
Shortened Cycle, ARS 73-55, April 1967, USDA. Because of different assumptions, this cost figure may not be directly comparable to Potter's cost estimates
for the other technologies.
e High pectin fruits and vegetables, including tomato; high-fat products such as whipped topping and cheese; colloidal substances such as gelatin.
J. D. Pouting, et al., "Osmotic Dehydration of Fruits," Food Technology, Vol. 20, No. 10, Oct. 1966, pp. 125-128. This process is expected to be
more expensive than air or vacuum drying alone, but less expensive than freeze drying.
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produced by the various methods. The cost estimates of
the various processes should be regarded as relative
rather than absolute. Costs for commercial dehydration
operations depend upon many factors, such as the product, plant location, plant capacity, and length of operating season.
Although great strides have been made in developing
dehydration technologies, little analysis of the actual
markets for dehydrated food products has been undertaken. The USDA currently is preparing a descriptive
study of the dehydration industry, 1 including some
broad projections of its future size (Table 2), but specific market analyses are not available. Determination of
the potential markets for dehydrated foods is the initial
step in exploring the adaptation of various dehydration
technologies to specific Oregon commodities.
Table 2. Dollar Volume of Shipments of Dehydrated
Foods (preliminary)'
Annual volume
Food category
Fruits and berries
Soups
Vegetables (including potatoes)
Eggs
Nonfat dry milk

1965
49
115
51
41
315

1970
1966 projections
million dollars
53
72 to 75
173 to 177
125
75 to 84
56
52
63 to 65
371 to 372
330

Kermit Bird, The Food Dehydration Industry's Prospective Changes,
speech at annual meeting of the Dehydrated Foods Industry Council,
Philadelphia, Sept. 15, 1967, ERS, USDA. Dehydrated foods are here
defined as those artificially dried. Shipments of dehydrated foods do not
include in-company shipments.

This study was undertaken to provide initial guidance regarding the potential markets for dehydrated food
products. A potential market is defined in this report as
a market which could be developed for a product possessing the necessary characteristics. Since time has
made it impossible to analyze markets for all commodities, efforts have been concentrated on fruits and vegetables. Oregon has a comparative production advantage
for a number of these, and large quantities of Oregon's
canned and frozen fruits and vegetables are shipped
long distances to market.
The basis for the analyses presented here includes
USDA publications, articles from food technology
journals, and personal interviews with researchers and
industry people. This report is not intended to be a complete market analysis for any commodity. Its purpose is
to furnish useful information for anyone interested in
the future of Oregon's food processing industry. Costs
for several foods processed by different dehydration
methods, synthesized from data obtained from model
Forthcoming report of Marketing Economics Division, Economic Research Service, USDA, based upon an extensive survey
of food dehydration firms and remanufacturing firms using dehydrated products.
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plants and actual operating conditions, are contained in
the USDA report. 2 Those costs may be used to help
determine the feasibility of dehydrating Oregon food
products. Markets can be developed for dehydrated
foods only if the dehydrated foods have suitable quality
characteristics and are cost competitive with other processed forms of the foods.

VEGETABLES
In 1967, 192,000 acres of Oregon cropland were
used for vegetable production, and the gross value of
production was $68 million. 3 Oregon's relative advantage in producing certain vegetables is indicated by the
portion of the U. S. crop being produced in Oregon
(Table 3). The dollar sales value shows the impact on
Oregon's economy.
Per capita use of most vegetables has been decreasing in the fresh form and increasing in processed forms,
and this trend will continue. A major factor in the shift
to processed vegetables is convenience of use. Dehydrated vegetables may comprise more of this processed
volume as better quality dehydrated vegetables with
rapid reconstitution characteristics are made available
for institutional use and for use in convenience products. The market for dehydrated vegetables will provide
another outlet, along with the frozen and canned vegetable markets, for Oregon's processed vegetables. If
Oregon fails to develop possible markets for dehydrated
vegetables, competing areas will gladly do so.

Markets for Dehydrated Vegetables
To determine the possible markets for dehydrated
vegetables, the principal uses for processed vegetables
should be considered:
3 Ingredients in soups, meat pies, prepared dinners, and casseroles
3 Coloring agents or bases for sauces, salad dressing, and soups
3 Vegetables served in the home, restaurants, and
institutions
3 Export commodities
3 Military provisions
Further development of dehydrated dishes and
mixes should expand the market for dehydrated forms
of the more popular vegetables such as peas, corn, green
beans, and carrots.
In an analysis based upon a transportation model,
Grieg4 found that Oregon's competitive advantage would
increase considerably for certain vegetables if processing shifted from canning and freezing toward dehydraIbid.
Fresh and processing vegetables and melons, including potatoes. Source: Statistical Reporting Service, USDA.
W. S. Greig, Locational Effects of New Technologies in
Fruit and Vegetable Processing, Research Report 35, Mich.
State Univ. Agric. Expt. Sta., 1965.

Table 3.

Oregon Vegetable Crops'

Crop

1960-1964

Asparagus
Snap beans
Beets
Broccoli
Cabbage (other than for sauerkraut)
Carrots
Cauliflower
Sweet corn
Lettuce
Onions: Eastern Oregon
Western Oregon
Peas (green)
Tomatoes
Potatoes

443
12,990
549
1,239
466
807
478
3,518
300
3,849
2,041
4,791
340
15,773

Oregon's rank in
U.S. production

Percent of
U.S. production

Farm sales value ($1,000)

1966

1966

1960-1964

1966

465
14,661
521
1,287
746
1,011
668
6,152
633
7,560
3,748
4,345
307
18,964

1.0
16.5
12.9
7.1
1.1
4.4
4.4
5.9
.2

0.9
18.6
13.0
6.1
1.2
3.8
5.9
9.0
.3

8.6

10.8

3

11.2

8.8

4

3.3

3.4

7
3
2
6
3
5

Vegetables for Fresh Markets; Acreage, Production and Value, Revised Estimates, Stat. Bull. 412, Aug. 1967; Vegetables for Processing; Acreage,
Production and Value, 1959-65, Revised Estimates, Stat. Bull. 411, Aug. 1967; Vegetables—Fresh Market, 1966 Annual Summary, Vg 2-2(66), Dec.
1966; Vegetables–Processing, 1966 Annual Summary, Vg 3-2(66), Dec. 20, 1966; Potatoes and Sweet Potatoes, Cots of 1959-1964, Stat. Bull. 409, July
1967; Potatoes and Sweet Potatoes, Crops of 1965 and 1966, Pot 6(67), Aug. 1967, Statistical Reporting Service, USDA.

tion. Oregon's production of green beans, beets, sweet
corn, and green peas would increase if more of them
were dehydrated.
Opportunities for spectacular growth in dehydration
probably will be found in the development of completely new products and will require companies to undertake strong market development programs. However,
it would generally be easier to get started in dehydration
by obtaining a small percentage of a large market rather
than trying to establish a foothold in a small-volume
market or building a market for a completely new product. Institutions and remanufacturing firms are two
large-volume users of processed vegetables. The 1966
frozen pack of vegetables in the United States (Table
4) indicates the size of the market for bulk quantities
of processed vegetables. The pack in institutional containers includes much of the volume used in making
prepared dinners and similar products. Savings in packaging, transportation, and storage may make dehydrated
vegetables more economical than frozen forms for largevolume users. However, dehydrated vegetables will be
accepted only if they possess satisfactory qualities for
Table 4. U.S. Frozen Vegetable Pack, 1966a
Pack
Vegetable
Peas
Corn, cut
Green beans, regular
Carrots
Cauliflower
Broccoli

Institutional size
Mil. lbs.
186
210
92
125
23
49

Retail size
Mil. lbs.
190
90
44
6
31
110

Quick Frozen Foods, Vol. 30, No. 4, Nov. 1967, pp. 182-183.

their intended uses. For restaurants and institutions they
will need to rehydrate quickly into a high quality vegetable. Remanufacturers generally require high quality and
ease of use.
Dehydrated potatoes, onions, and vegetable-based
seasonings are becoming well established in retail markets. However, most dehydrated vegetables are probably less convenient for home use than canned or frozen
vegetables.
The military market, requiring convenience and light
weight, is a widely recognized market for dehydrated
food products. Dehydrated vegetables purchased by the
military include onions, potatoes, peppers, cabbage, and
dehydrated soups utilizing peas, tomatoes, and onions.
Large quantities of certain processed vegetables are
presently exported (Table 5). The possible freight
savings from exporting dehydrated vegetables may make
this an important market for certain dehydrated vegetables. Suitability of dehydrated vegetables for inclusion in
dehydrated convenience foods may help to expand the
export market as increasing incomes bring about a demand for more convenience foods in many countries.
Breaking into foreign markets will require a real effort, possibly eased by working through firms within the
importing country. An import barrier exists on most
processed foods in the form of tariffs and quotas. The
rapidly expanding Japanese market for convenience
foods and the increasing cost of labor for food processing in Japan may offer an opportunity to establish a
foothold in the Japanese market. If dehydrated vegetables were sent into Japan in bulk to be further processed,
the tariff rates would be lower than the 25 to 30% rate
which prevails on most processed foods which are ready
to consume.
The uses for dehydrated vegetables discussed above
depend upon availability of suitable quality at a price
5

Table 5.

Processed Exported Vegetables.
Million pounds

Item

1965

1966

Asparagus"
Corn'
Peas"
Tomatoes"
Tomato puree and concentrates.
Catsup and chili sauce
Potato flakes, granules, and
other dehydrated potatoes
Vegetables, NEC—dehydrated
Vegetables, frozen or in
temporary preservative
Tomato juice, canned (million
gallons)
Green peas—dried, except seed

46
12
6
18
14
16

29
14
7
11
10
13

9
13

14
14

15

22

3
117

2
107

U.S. Bureau of Census, U. S. Exports of Domestic Merchandise,
SIC-Based Products and Area, Report FT 610, Annual 1966, Washington,
D. C.
b Prepared or preserved in airtight containers.

competitive with other forms of vegetables. Price comparisons of various prepared forms of several vegetables are presented in Table 6. These comparisons are
based on yield factors available for frozen and canned
retail packages° and the manufacturer's indication of
yield for dehydrated products . Calculations are based on
Table 6. Cost Comparison for Different Market Forms
of Prepared Vegetables
Cost per pound ready-to-serve•

Form
Canned
Frozen
Dehydrated _...

Carrots
(sliced)
.18
.11

Corn
(whole
kernel)
.25
.20
.42'

Green
beans
.28
.25
.38

Peas
(green)
.21
.22
.27

Based on 1967 F.O.B. prices: Canned prices from The Almanac of
the Canning, Freezing, Preserving Industries, 1968, Edward Judge & Son,
Westminster, Md.; frozen prices from Quick Frozen Foods, Vol. 31, No.
4, Nov. 1968, p. 169; dehydrated prices from manufacturer's price list.
b Not available.
e Freeze-dried corn.

J. P. Sweeney, et al., Vegetables—Consumer Quality, Yield,
and Preparation Time of Various Market Forms, Home Economics Research Report No. 17, ARS, USDA, May 1962. Yield
data is also available for institutional packs of some frozen
fruits and vegetables and institutional use of fresh fruits and
vegetables. See G. Schlosser, et al., "Yield from Institutional
Packs of Frozen Produce," Journal of the American Dietetic
Association, Vol. 33, No. 11, November 1957, pp. 1159-1163; and
E. H. Dawson, et al., "Food Yields in Institutional Food Service," Journal of the American Dietetic Association, Vol. 34, No.
3, March 1958, pp. 267-272. Retail pack data for fruits is available in V. J. Chapman, et al., Fruits: Consumer Quality Characteristics, Yield, and Preparation Time of Various Market
Forms, Home Economics Research Report No. 29, ARS, USDA,
June 1965.
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F.O.B. prices for retail size packages of frozen and
canned products and bulk prices for dehydrated products, which may cause understatement of dehydrated
costs. Although these prices are not strictly comparable
and cannot be regarded as actual costs in the household,
they should be useful as an indication of relative costs
of various processed vegetable forms now available.
Ability to sell a dehydrated product for a price
which is competitive with other forms of the product
does not necessarily imply that a market will be found
for the dehydrated form. Quality, convenience in use,
and other advantages of using a dehydrated form also
will be necessary.
Potatoes and onions are firmly established as dehydrated products, but they still offer large potential markets. Details on these vegetables are presented in the
following sections.

Potatoes
The tremendous growth in popularity of dehydrated
potatoes has been quite evident in recent years. 6 By
1960, dehydrated mashed potatoes were well established
in restaurants and institutional feeding establishments
(Table 7). A later survey showed that 64% of institutional market mashed potatoes were made from instants
in 1966.7
A large potential market remains for dehydrated
mashed potatoes for home use. The greatly improved
quality of dehydrated mashed potatoes and their convenience of preparation offer such an advantage to the
housewife that it is quite reasonable to expect a large
percentage of mashed potatoes for home consumption to
be prepared from instants in the future.
Table 7. Use of Dehydrated Mashed Potatoes in 1960'

User
Restaurants
Schools and
hospitals
Home

Percent of total
potatoes mashed

Percent of potatoes
prepared from
dehydrated
Mashed

Total

29

33

10

50
34

40
....

20

a H. H. Harp and D. F. Dunham, Market Potential for Processed Potato Products, Market Research Report No. 505, Marketing Economics
Division, ERS, USDA, Oct. 1961.

• The following relies heavily on "Household Food Consumption Survey 1965-1966, Report No. 1," Food Consumption of
Households in the United States, Spring 1965 ARS, USDA;
and H. H. Harp and D. F. Dunham, Market Potential for Processed Potato Products, Market Research Report No. 505, Marketing Economics Division, ERS, USDA, Oct. 1961.
' Information obtained from Instant Potato Products Assoc,
Chicago, based upon a survey by Ford Sammis & Co., Pasadena,
California.

If we assume that 34% of the potatoes used at home
are served as mashed potatoes, approximately 5.3 billion
pounds of fresh potatoes equivalent were served as
mashed potatoes in the home in 1965. Of this amount,
approximately .6 billion pounds were prepared from dehydrated potatoes. 8 This gives some indication of the
possibilities for dehydrated potatoes for preparation of
mashed potatoes. Drum drying provides a cheap method
of producing good quality dehydrated mashed potato
flakes, and the process for making potato granules is
even cheaper.
Household consumption of frozen white potatoes,
other than french fried, was .01 pounds per household
per week for households having less than $3,000 annual
income, but this amount increased to .15 pounds for
households with incomes greater than $15,000 for an
average of .04 pounds per week. 9 As incomes increase,
a greater consumption of such potatoes can be expected.
The availability of high quality products could open this
market to dehydrated potatoes in piece form which
might be produced using the explosion-puffing process.
Unless dehydrated soups greatly increase in popularity, there is little additional market for dehydrated
potatoes in soups. Military procurement of dehydrated
potatoes appears to be about 100 million pounds fresh
equivalent annually for mashed and 20 million pounds
for sliced. Exports of 13 million pounds of dehydrated
potatoes, equivalent to 84 million pounds of fresh, indicate an established market for dehydrated potatoes. This
may be expected to increase somewhat as incomes increase.
Chips and shoestring potatoes provide a large market
for potatoes, utilizing 3.2 billion pounds in 1966. 10 Use
of these types of products can be expected to continue to
expand, since consumption of them increases with
higher income. 11 The dominance of potato chips in the
snack market 12 may indicate possible markets for dehydrated snack-type potato products.
Onions

Onions are used widely in the home and in public
eating establishments. Disagreeableness of preparing
fresh onions makes processed forms very convenient.

"Household Food Consumption Survey, 1965-1966, Report
No. 1," loc. cit., p. 32, based on 6.5 pounds fresh equivalent per
pound of dehydrated.
Including hash browns, puffs, scallops, au grautin, cottage
fries.
10 Potatoes and Sweet Potatoes, Crops of 196.5 and 1966,
USDA Statistical Reporting Service, Pot 6(67), Aug. 1967.
" "Household Food Consumption Survey, 1965-1966, Report
No. 1," loc. cit.
"The Avisco Snack Study, American Viscose Division,
FMC Corp., Philadelphia, 1968.

Dehydrated onions are quite acceptable for many uses,
and large-scale production keeps the prices of dehydrated
onion products competitive with other forms. Finally,
expenditures on onions account for only a small portion
of the total food bill. The combination of these factors
has led to rapid expansion in the use of dehydrated
onions in sliced, flaked, minced, chopped, and powdered
form.
Until 1960, the principal market for dehydrated
onions was in remanufacturing. The institutional and
retail markets have increased since then. Based upon
percentages of onions going into various uses, utilization
of the 1966 U. S. onion crop has been estimated (Table
8).
Table 8. United States Onion Crop, 1966
1966 utilization
Uses

Percent'

Mil. pounds

Institutions
Secondary manufacturing:
Powder
Dice
Home
Canned or frozen, export

18

450

5
6
60
11

125
150
1,500
275

Total U. S. production

100

2,500

a

Based upon 1961 data as reported in W. S. Greig and C. L. Marine,
Onions and Their Processing Potential, Research Report No. 14, Mich.
State Univ. Agric. Expt. Sta., 1965.

Total use of dehydrated onions in the home was
about 150 million pounds fresh weight equivalent in
1965, 13 or 10% of the total home-use market . Even if
all other markets for dehydrated onion products are assumed to be saturated, a large market for home use may
be developed because of convenience offered to the
homemaker.
Late summer onions provide most of the onions for
processing. Generally, large onions with high solids
content, high pungency, and good storage quality are
desired for dehydration. The varieties presently produced in Oregon do not possess the most desirable characteristics for dehydration, so onion dehydration in
Oregon would require adoption of new varieties to obtain necessary qualities and to extend the harvest season.
Even then, Oregon dehydrators would probably be at a
competitive disadvantage compared to dehydrators in
California, where onions grown in a variety of climatic
conditions are readily available to lengthen the processing season.
" Household Food Consumption Survey, 1965-1966, Report
No. 1," op. cit., p. 46. Assuming that a maximum of one-half of
other dehydrated vegetables are onions, then 58 million households would use .25 pound per year each, or 14.5 million pounds
dehydrated onions, equivalent to 145 million pounds fresh onions
at a 10 to 1 concentration ratio.
7

Table 9. Oregon Fruit Crops*

Fruit

1960-1964

1966

2,426

3,027

565
383

1,066
758

227
1,014
1,883
10,717

117
396
968
3,140
16,936

3,247
534
6,758
979
3,934
5,571
1,736

4,063
1,694
11,687
1,160
5,805
7,736
1,652

Small fruits
Blackberries (tame)
Boysenberries and
youngberries
Cranberries
Gooseberries and currants
Loganberries
Black raspberries _____
Red raspberries
Strawberries

Oregon's rank
in U. S. production

Percent of U.S.
production

Farm sales value
($1,000)

1960-1964
b

2.8

1966
b

3.0

1966
1
1
5

to

b

15.7

20.7

1.8
2.8
24.8
0.5

2.1
8.1
28.6
0.6

18.1

22.6

7.0

5.2

1
1
2
2

Tree fruits
Apples
Sour cherries
Sweet cherries
Peaches
Pears: Bartlett
Other
Prunes

8
3
1
14
3
1
2

Oregon Berry Products (1966 Annual Summary), Oregon Crop and Livestock Reporting Service, Dec. 29, 1966; Oregon Production of Selected Berries, 1930-1964, Statistical Bull. No. 407, SRS, USDA, June 1967; Fruits, Noncitrus, by States, 1965 and 1966, SRS, USDA, FrNt-2-1(5-67), May 1967;
FrNt-2-1(7-67), July 1967.
b Unavailable, but generally a very large percentage of U. S. production. Washington and Oregon together produce most of the U. S. bush berries;
Oregon accounted for about two-thirds of the 1967 production.
e Unavailable.

a

Operating Season for Vegetables
The preceding information indicates where markets
for dehydrated vegetables might be developed. Assuming
that these markets can be developed, the important consideration is the economic feasibility of dehydration in
Oregon. One of the most important factors in achieving
economic operation of dehydration facilities is length of
operating season, with 8 to 12 months generally considered necessary for most efficient operation. A possible
method of extending the operating season of the facility
is dehydration of several products having similar processing requirements. However, onion dehydrators may
not be able to process other products due to the onion
pungency clinging to the equipment.
The kinds of vegetables produced in Oregon extend
the processing season from May through December.
Thus, a vegetable dehydrator may be able to obtain
compatible inputs over an efficient length of time. Potatoes may be dehydrated after extended storage, but other
vegetables must be processed upon harvest to provide
satisfactory products.

FRUITS
Oregon's sales of tree fruits, nuts, and berries for
the 1966 crop year totaled $67 million.' Oregon's importance as a fruit producer and the economic impact

" Statistical Reporting Service, USDA.
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of fruit production in the state are shown by the dollar
sales volume and the portion of the U. S. crop being
produced in Oregon (Table 9).
Per capita use of most fresh fruits has been declining, while increasing in the more convenient processed
forms. About 97% of the bush berries produced in Oregon and Washington are processed. The chief uses for
processed fruits are:
3 Ingredients for preserves and jellies, pies and
other baked products, salads, baby foods, frozen desserts, and candies
3 Desserts, snacks, or with cereals
3 Juices
3 Military provisions
3 Export commodities
Some of the above uses require large volumes of
fruits annually. The convenience of dehydrated fruits
(artificially dried to a very low moisture content) may
be especially suited to certain of these large-volume uses.
Dehydrated fruits and berries valued at $50 million are
shipped annually in the U. S., with a 50% increase expected by 1970, according to Bird (see Table 2). Although dehydrated fruits may have acceptable texture
and flavor for use as ingredients, they do not duplicate
the quality of fresh fruits now and are not likely to do
so in the near future.
An export market has been established for certain
processed fruits (see Table 10), and possible freight
savings on dehydrated forms could help to expand this
market for certain high-quality dehydrated fruits. The

discussion regarding exports of vegetables applies
equally to exports of fruits and other products.
Table 10.

Fruit or
product

Processed Exported Fruits'
Million pounds

Canned'
Fruit cocktail
Peaches
Baby food fruits
Pears
Fruit purees, pastes, pulps,
cherries
Dried
Prunes
Pears
Peaches
Apples
Frozen
Berries
Cherries

1965

1966

143
244
6
7

148
202
6
7

42

10

127

95

1
3

1
2

6
9

4
5

U. S. Exports of Domestic Merchandise, SIC-Based Products and
Area, Report FT 610, Annual 1966, U. S. Bureau of Census, December
1967.
b Prepared or preserved in airtight containers.
e Less than 1 million pounds.

Fruit Ingredients in Various Products
Except for strawberries and red raspberries, the
frozen pack of fruits with which we are concerned is
predominantly in institutional size containers. This reflects the importance of fruits as ingredients in various
products. The expense of frozen storage compared to
common storage and the suitability of dehydrated fruits
for use as product ingredients could make the remanufacturing market the most important market for dehydrated fruits.
Preserves and jellies
U. S. production of pure jams, preserves, jellies, and
fruit butter amounted to 773 million pounds in 1963.15
Assuming that the jam and jelly products contain 45%
fruit (the minimum amount permitted by federal specifications), the approximate amount of fruits used in
making these products is given in Table 11.
Oregon produces varying proportions of the U. S.
crop of fruits and berries, including 33% of the processing strawberries and major proportions of most other
berries. The preserves industry is obviously a large user
of fruits and berries, even when the minimum allowable
amounts of fruits are used, and large amounts of these
fruits are stored for use following the harvest season.
Common practice in the preserves industry is storage of frozen fruits in 30-pound tins for later processing. Due to cheaper rates for common storage than for
frozen storage, dehydrated fruits appear to hold promise
15 1963 Census of Manufacturers,

1966.

U. S. Commercial Jam and Jelly Production

Table 11.

U. S. Bureau of Census,

Blackberry
Black
raspberry
Boysenberry
Loganberry
Strawberry
Red
raspberry
Peach
Cherries
Plums
Apple
Apple butter __
Other
Total

Percent of
total jams
and jellies'

Million lbs.
of product

Million lbs.
of fruit used"

5.47

42

23

1.77
.51
.03
16.15

14
4
125

8
2
--

3.36
4.36
2.19
1.70
5.86
4.36
54.24
100.00

26
34
17
13
45
34
419
773

14
18
9
7
23
45'
....

a National Preservers Association, 25 East Chestnut St., Chicago, Ill.
b To obtain 45% fruit in the finished product necessitates starting with
fruit equal to 55% of the final product weight for berries or 52% for tree
fruits. All yield figures are based on formulas given in Preservers Handbook, Sunkist Growers, Ontario, Calif., 1954.
e 1,600 pounds of apples yield 1,200 pounds of apple butter.

in this industry. Whole berries or fruit pieces would
lose volume as well as weight during dehydration unless
they were freeze-dried, a method which is generally too
expensive for other than specialized high-value uses.
Assuming a volume reduction of one-half for the dehydrated (compared to the frozen) fruit and storage in
30-pound tins, a maximum acceptable cost for dehydration of the fruits can be calculated to determine whether
dehydrated fruits can compete with frozen fruits on the
basis of cost (Table 12).
Table 12. Maximum Cost for Dehydrating Fruit for
Preserves Manufacturing
Costs'
Item
Frozen fruit
Dehydrated fruit
Savings for dehydrated
Add initial freezing
costs
Maximum cost for
dehydrating fruit

Handling"
$ .22
.18

Storage'

Total

$ .78
.27

$1.00
.45
.55
.32
$ .87

a Costs for 100 pounds of frozen fruit equivalent, based upon commercial warehouse rates for common and cold storage. Common storage rates
for the dehydrated product are based upon volume. If volume reduction
greater than one-half were possible, further savings might be achieved.
b One-time charge for placing into and removing from storage facilities.
e Assuming a six-month average holding time; monthly storage rates of
$ .13 for frozen and $ .045 for dehydrated.

The cost calculations show that if 100 pounds of
prepared fruit were dehydrated rather than frozen, the
maximum acceptable cost for dehydrating the product
9

Table 13. Fruits for Pie Production in United States

Fruit
Apple
Cherry
Peach
Boysenberry
Blackberry

Percent of
total pies'
20
10
5
5
1

Million lbs. pie
1953
220
110
55
55
11

Million pounds fruit'

1975'

1953

1975

264
132
66
66
13

110
44
22
22
4

132
53
26
26
5

Increase
22
9
4
4

1

Approximation based on telephone conversation with commercial baking firms. Total U.S. pie production in 1963 was 1,100 million pounds (1963 Census of Manufacturers, op. Cit.).
Assuming same per capita consumption and relative flavor preferences in 1975 as in 1963 and 225 million population by 1975.
Assuming 50% of the weight of apple pie is apples and 40% fruit for others.

b
e

would be less than $ .01 per pound of prepared fruit.
Assuming that the dry solids yield was 20 pounds per
100 pounds of prepared fruit, the acceptable costs per
pound of dry solids would be over $ .04. If volume
reduction to one-third of the prepared fruit volume
were obtainable, the maximum acceptable cost for dehydrating the fruit would be increased to $ .01 per pound
of prepared fruit or $ .05 per pound of dry solids (assuming 20% yield). When transportation savings, made
possible through shipment of smaller volume and weight
of product not requiring refrigeration, are added to this
$ .04 to $ .05 per pound of dry solids, the maximum
cost for dehydrating the fruit may be approaching the
costs for vacuum drying (see Table 1). Vacuum drying
is a possible method for producing these dehydrated
berries for preserves makers, bakers, institutions, and
other large-volume users.
The problem of loss of texture on reconstitution
may prevent attaining acceptable dehydrated forms of
many berries. An alternative which takes advantage of
some of the weight and volume savings possible through
dehydration is the dehydrofreezing process. "Dehydrof reezing reduces weight and volume of 'frozen' foods to
50% or less of their single strength counterparts without losing 'frozen food' quality. Quality losses associated with complete dehydration are avoided because in
dehydrofreezing, evaporative cooling keeps the temperature of the product from becoming excessive, drying is
quick and is terminated while the food is still quite
moist." 18 Freezing, storage, package, and transportation
costs would all be halved for the dehydrofrozen product
compared to its frozen counterpart. Additional advantages claimed for the dehydrofrozen over their conventional frozen counterparts are (1) texture and moisture
control are better in remanufactured products, and (2)
thawing and drip losses of juice are reduced or eliminated. This process is presently used commercially for
apples ; an estimated 20 million pounds of frozen apple
equivalent are dehydrofrozen annually, primarily for
" M. E. Lazar, "Dehydrofreezing of Fruits awl Vegetables,"
in D. K. Tressler et al., eds., The Free.sing Preservation of
Foods, Vol. 3, The Avi Publishing Co., Westport, Conn., 1968,
p. 347.
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remanufacture into baked goods.'' Dehydrofrozen apples assure commercial bakers of a consistently high
quality ingredient throughout the year at a favorable
price. Although the savings would not be as great for
the dehydrofrozen product as for the dehydrated product, the costs of dehydrating would be considerably less.
This process may be applicable to several of the largevolume fruits and vegetables packed in Oregon and is
currently most promising for institutional and remanufacturing markets.
Pies, cakes, and sweet yeast baked goods
Estimates of the quantities of fruits used in pie baking can be derived from census data for 1963 pie production (Table 13). Although these figures are only
approximations, they point out the magnitude of fruit
use in commercial pie baking. Frozen fruits or mixes
are now the predominant form used by pie manufacturers, although 20 million pounds of frozen apple
equivalent are used in dehydrofrozen form annually.
Currently, some dehydrated apples also are used in
pastry baking. Sizable sales increases of pie fruits and
mixes can be expected to satisfy the market created by
population expansion. The discussion of the potential
for dehydrated fruits in the preserves industry section
of this report applies almost completely to the commercial pie-baking industry.
Production of cake mixes, totaling over 660 million
pounds in 1963, 18 presents a potential market for some
dehydrated fruits. Apple is one of the more important
such fruits, with a potential market for perhaps 3 million pounds of fresh apples to be dehydrated annually
for use in powdered form in cake mix. 18 Apple chips
would be another form of apples for use in cake mix,
although likely to create a smaller market for dehydrated
apples than applesauce cake mix.
" Lazar, op. cit., p. 355.
'"1963 Census of Manufacturers, op. cit.
Assuming applesauce cake mix to be only 1% of the total
cake mix market = 6.6 million pounds. Applesauce is assumed
to comprise 20% of total ingredients in finished cake = L3 million pounds applesauce. Rehydration factor 4.76 to 1 = .27 million pounds dehydrated applesauce, equivalent to about 3 million
pounds of apples.

Sweet yeast baked goods produced in 1963 totaled
625 million pounds, 2 ° with possibly 10 to 15% of them
containing fruit. Apples and raspberries are the most
important fruits for this purpose, but the proportion of
fruit to the total weight of the product is so small that
this market is relatively small.

Fruit pieces for gelatin and cereals
Dehydrated fruit could be included in gelatin mixes
to provide a convenient gelatin salad. Frozen gelatin
salad mixes currently are being test marketed. "All the
chopping, crushing, dicing, seasoning, and measuring
has been done. The homemaker need only combine the
ingredients with boiling water and ice to produce a
gelatin salad which is ready for serving in two hours."21
If dehydrated fruit pieces were available which would
reconstitute satisfactorily in the process of preparing the
gelatin dish, such prepared salads could be dehydrated
to save frozen storage space as well as offer excellent
convenience.
Quantities of fruits to be included would depend
upon the type of fruit being used and the particular
salad formulation. But the size of the gelatin market
(290 million pounds of gelatin-base dessert were produced in 1963) 22 indicates that the market for such fruit
pieces could be sizable, since the proportion of fruit included per unit of gelatin would generally be large.
Peaches, pears , and fruit mixtures would probably be
used most for this purpose.
When a satisfactory product is available, the cereal
market will offer an outlet for fruit pieces and berries
in dehydrated forms. This market will be slow to develop since initial efforts along this line have failed and
probably created some public animosity toward the
product.
One method of dehydration holding some promise
for such dehydrated fruit pieces and berries is osmotic
dehydration. This process uses sugar or syrup for partial dehydration by osmosis, then further dries the product in an air or vacuum dryer down to 1 or 2% moisture. "The use of sugar or syrup as the osmotic drying
agent prevents much of the loss of fresh fruit flavor
commonly found with ordinary air or vacuum drying
methods." 23 The product is sweeter than ordinary dried
fruit and thus may be well suited for use in gelatins and
cereals. The convenience feature may give the product
enough value to cover the cost of the dehydration
process.
" 1963 Census of Manufacturers, op. cit.
21 "Special

Formulation Techniques Create Basis for Salad/
Sandwich Filling Field," Quick Frozen Foods, Vol. 30, No. 7,
Feb. 1968, pp. 129-131.
" 1963 Census of Manufacturers, op. cit.
"See J. D. Ponting, et al., "Osmotic Dehydration of Fruits,"
Food Technology, Vol. 20, No. 10, Oct. 1966, pp. 125-128, for a
description of dehydration by osmosis.

Baby foods
Fresh fruits and vegetables are commonly used in
making baby foods in order to obtain the desired quality
of product. Consequently, plants are located for economic access to fresh ingredients, such as in California
and other specialized growing areas. However, some
dehydrated potato base is used in making soup for the
baby food market.
To take advantage of the growing foreign demand
for baby foods, licensing agreements have been made in
Japanese, Latin American, and Mexican markets. Gerber and Corn Products have undertaken a joint venture
in the European market. Locally produced inputs are
used in most cases and as little raw material as possible
is shipped from the U. S. Although dehydrated inputs
or dehydration of finished baby foods may become more
important as quality of dehydrated products improves,
the baby food market currently offers little potential for
dehydration.

Frozen desserts
Another important use of fruits is in the manufacturing of frozen desserts. Assuming a constant per capita consumption of frozen desserts, large-volume gains
can be expected due to population growth (Table 14).
Based upon this projection and assuming unchanging
preferences for the various flavors of ice cream, an estimate of the volume of fresh fruit equivalent to be used
in the manufacture of frozen dairy desserts is given in
Table 15. These volume estimates must be tempered
with the realization that there are wide variations in
volumes of fruit used per gallon of ice cream in different
areas of the U. S., in different grades of products, and
even in different seasons by the same manufacturer. Although the estimates are presented as fresh fruit equivalent, the fruit equivalent may be obtained from fruit
solids, pure fruit powders, artificial flavoring, or some
combination of these.
Table 14. Consumption of Frozen Desserts

Consumption
Per capita (quarts)'
Total (million gallons)
1965
1975'

Ice cream and
ice milk

Sherbet

25.2

1.5

1,201
1,415

71
85

U. S. Food Consumption, Statistical Bull. 364, 1965, and Supplement
for 1965, ERS, USDA.
b Assuming 225 million population in 1975.

There is a trend toward using pieces of fruit in ice
cream in a proportion of 2 or 3% by weight for appearance, and then obtaining the remainder of the fruit flavoring in the form of a flavor extract or artificial flavor.
If a 3% proportion of berry pieces is assumed in ice
cream, 1.5 million pounds fresh equivalent in strawberry
pieces and another 4.5 million pounds fresh equivalent in
11

Table 15. Fruit Use in Frozen Desserts

Flavors
Ice cream and ice milk
Strawberry
Red raspberry
Black raspberry
Peach
Cherry
Sherbet
Raspberry

Million gallons
product

Million pounds
fruit'

Million pounds

increase, fresh

Percent of total
consumption'

1965

1975

1965

1975

fruit equivalent

6.0
0.5
0.5
1.5
1.0

72
6
6
18
12

85
7
7
21
14

36.0
3.5
3.5
11.0
7.0

42.0
4.0
4.0
12.5
8.5

6.0
0.5
0.5
1.5
1.5

11.0

8

9

5.0

5.5

0.5

Ice Cream Field and Ice Cream Trade Journal, Vol. 149, No. 6. March 1967, p. s-11.
Pounds of fruit per gallon of product assumed to be .5 pounds for strawberry and .6 pounds for all other fruits. Estimates based on Philip B. Keeney,
Commercial Ice Cream and Other Frozen Desserts, Circ. 525, Penn. State Univ., College of Agric., Extension Service, 1965; and an interview with Floyd
Bodyfelt, Extension Dairy Processing Specialist, Oregon State Univ.

b

the form of a flavoring agent would be needed to meet
the 1975 market requirements. Dehydrated strawberry
pieces have less desirable flavor and texture than frozen
strawberries and hence are not competitive.
The possible place for the dehydrated strawberry in
ice cream manufacturing is in powdered form, but
strong competition from other forms of natural flavors
as well as artificial flavors will be faced. A strawberry
powder for flavoring ice cream would need to be inexpensive and have good flavor retention in order to compete with artificial flavorings now available. Currently,
100% natural strawberry flavoring is available at a cost
of $ .08 per gallon of ice cream if used at the manufacturer's recommended rate. Artificial flavorings could be
expected to be even cheaper. Hence, a dehydrated strawberry powder would face tough competition. The foam
mat and microflake processes probably offer the most
promise of producing an acceptable powder.
Cherries and raspberries appear to retain flavor better than strawberries when dehydrated. Perhaps the
storage cost savings would make dehydrated cherries or
raspberries competitive with frozen products for the
increased use expected in ice cream. The osmotic-drying,
vacuum-drying, or explosion-puffing dehydration processes may be applicable for producing suitable whole
dehydrated cherries or raspberries. Cherry and raspberry powders also would be competing against the artificial flavors for ice cream use.
One important factor to be recognized is the additional labor required in using dehydrated ingredients
compared to that required for frozen or canned products. This factor needs careful analysis in evaluating
the market for specific dehydrated ingredients for use in
ice cream.
Candy and snacks
The candy and snack market may be a profitable
market for some dehydrated fruits and vegetables.
Candy sales, especially in higher-priced package goods,
have been increasing steadily with higher incomes and
growth of population in the heavy candy consumer age
12

group of 14 to 20 years. U. S. Department of Commerce data put the use of fruits, jams, and fruit products in candies at over 21 million pounds per year.24
Creme filling for chocolates is one of the major uses
of fruit flavorings in candy manufacturing. The more
popular fruits for creme fillings are strawberry (25%),
raspberry (15%), and cherry (10%). These cremes are
made from concentrated fruit purees and contain 15%
or less fruit flavoring in the total weight of the candy.
Is it possible to dehydrate ready-to-use fillings for sale
to candy manufacturers using the foam mat or microflake processes ? Competition also may be expected in
this market from artificial flavorings.
The 1963 census data also indicate a market in excess
of 840 million pounds for chips, sticks, and similar
products. According to a nationwide consumer survey
of buying habits and attitudes, 25 salted snacks (potato
chips, corn chips, pretzels, nuts) are favorites. This indicates that dehydrated snack items of the salted type
probably would find a bigger market. Increasing affluence makes the snack market a large and growing one, a
small percentage of which could provide a sizable outlet
for a specific product. There may be some possibilities
here for salted products derived from dehydrated vegetables such as peas or diced carrots which could have some
of the characteristics of the currently popular snacks.
The explosion-puffing or vacuum-drying processes could
be used for such products.

Market Potential for Dehydrated Fruits
Drawing upon available information and the preceding analyses of uses of fruits, market potentials for various dehydrated fruits can be summarized.
"Confectionery Sales and Distribution, 1957-1966 yearly reports, U. S. Department of Commerce, Business and Defense
Services Administration.
"The Avisco Snack Study, American Viscose Division, FMC
Corp., Philadelphia, 1968. "Snacks" refers to those items commonly served in party situations, with beverages, or as supplements to meals.

Table 16. Processed Apple Products'
Millions of units of
product packed

Thousand bushels of apples used
in processed products
Product
Sauce
Canned
Juice
Other juice (cider, etc.)
Frozen
Dried'
Total

1965-1966

1967-1969

1975-1976

19,066
6,569
8,156
10,576
4,610
3,463

21,009
6,157
9,940
11,200
4,419
3,275

26,110
6,556
12,829
12,800
5,480
3,075

52,440

56,000

66,850

Unit of
pack

1967-1969

1975-1976

24/21 cases
6/10 cases
24/2 cases

17.3
4.1
11.7

21.5
4.4
15.1

Pounds

127

157

Max E. Brunk, et al., op. Cit.
b This is based on data for past consumption of varying quality dried apples and should not be interpreted as applicable to good quality dehydrated
apple products which are now becoming a commercial reality and are a different product than dried apples.

Apples
The market for processed apples is rapidly expanding. 26 During the 1961-65 period, 130 million bushels of
apples were marketed annually. About 61% of the apples marketed were sold in fresh form and 39% in processed forms. The most important processed forms were
sauce products, canned and frozen slices, and canned
juice. By 1975 the market should be able to absorb 162
million bushels of apples, with 42% going into processed products. Real opportunities for dehydration exist
because of this rapid expansion and the adaptability of
various apple products to dehydration.
The relative importance and the size of the market
for various processed apple products is indicated in
Table 16.
Applesauce, in addition to being the most important processed apple product, is one of the more promising fruit products for dehydration. Dehydrated applesauce of good quality presently can be produced by
drum drying, the lowest-cost form of dehydration. Dehydrated applesauce allows significant savings in packaging, storage, and shipping costs since it weighs only
20% as much as canned sauce and occupies but 45% as
much storage space.
Canned and frozen apple slices represent another
important segment of the total processed apple market.
The retail market for canned slices has declined because of increased sales of apple pie fillings and frozen
pies. Pie fillings now account for about half of the retail
sliced pack, but they appear to have reached a plateau.
This largely institutional canned slice market is vulnerable to competition from fresh and frozen slice operations. Frozen slices are sold mostly to institutional and
baking markets in 30-pound tins. The projected market
expansion for apple slices should provide a good potential for dehydrated apple products, since slices are sold
" This section draws heavily upon the analysis presented by
Max E. Brunk, B. A. Dominick, D. A. Call, and 0. A. Forker,
Profiles and Prospects in Apple Products, 1967-1975, American
Can Co., N. Y., June 1967.

mostly to the baking and institutional trade where the
high-volume use emphasizes the storage and shipping
savings of dehydrated forms. The dry-blanch-dry
method of processing may be applicable for this purpose.
Projected sales increases of canned apple juice may
indicate a potential market for a dehydrated apple juice
which could be readily reconstituted. A low-cost method
such as drum drying would be required to produce a
competitive product for this market.
The pack of dried apples is presently concentrated
in Washington and California. Large fluctuations in the
volume of apples dried have been a function mostly of
apple production, rather than of variable market demands, indicating the past tendency to regard dehydrated
products as an outlet for excess apples. With good
quality dehydrated apple products now being marketed,
a steadily growing portion of the apple crop could be
utilized in dehydrated form. Current products include
dehydrated apple powder and chips for cake mixes and
dry breakfast cereal containing cinnamon-flavored apple
powder.

Strawberries
Two important uses of strawberries in which dehydration may be advantageous are ice cream manufacturing and preserves making. Development of the ice cream
manufacturing market for dehydrated strawberry powder will depend upon offering high quality which produces ice cream of better flavor than obtainable from
synthetic flavor and is cost competitive. Over 68 million
pounds of strawberries are used annually in the preserves industry. This industry offers promise for dehydration if quality can be obtained from dehydrated berries to allow taking advantage of cheaper storage rates.
Dehydrofreezing may offer an alternative for better
quality if dehydrated berries are unacceptable . Another
possible use of dehydrated strawberries would be for
powder which could be reconstituted into a creme filling
for candy manufacturing.
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Raspberries
Uses of raspberries which offer potential for dehydrated forms are flavoring for ice cream and ingredients
for jams and jellies. Market expansion in ice cream
will take an additional 1.5 million pounds of raspberry
equivalent by 1975. Jams and jellies, using 22 million
pounds of raspberries annually, seem even more promising as potential users of dehydrated raspberries if quality is sufficient to allow the storage savings advantage to
be exploited.

Blackberries
The chief markets for processed blackberries are pie
baking and preserves making. The preserves market uses
over 23 million pounds annually, and the pie market
should take about 5 million pounds by 1975. Again, Oregon's importance as a producer of blackberries and the
possible adaptability of dehydration to these two markets indicate that further investigation may well be warranted.

Other fruits
The market for boysenberries resembles that for
blackberries, and Oregon also occupies an important
position in boysenberry production; thus dehydration of
boysenberries could become important in Oregon.
Plums could be dehydrated for use in manufacturing
of preserves and jellies. Seven million pounds are used
annually for this purpose.
The chief markets for sweet cherries are in the manufacture of jams and jellies (9 million pounds) and for
ice cream use (11 million pounds). Sour cherries were
used in pie baking to the extent of 44 million pounds in
1963. This market should expand by 9 million pounds
by 1975. The adaptability of dehydration to the piebaking and preserves-making industries implies potential
importance for dehydration of cherries.
Dehydration of pears is probably limited mostly to
products for the export market. One possible use for the
domestic market would be for pieces to be used in gelatin salad packages.

Fruit powders
Artificial fruit flavoring powders now available are
generally of very good quality, cheap, and highly satisfactory for their most common uses. They are used extensively in cake mixes and gelatins to obtain necessary
shelf-life stability. Artificial flavors may not exactly duplicate the true flavor, but eventually they may become
the preferred or accepted flavor, such as in many gelatins.
Continued research and development to improve shelflife stability and attain less costly dehydration will be
necessary for most fruit and berry powders to be competitive with synthetic flavorings.
One instance where true fruit powder is currently
quite acceptable is the use of dehydrated apple powders
for cake flavorings. Dehydrated applesauce, which is
now being developed, probably offers the most promis14

ing market for true fruit powders. Another use for
which true fruit powders may be desirable is in ice
cream manufacturing to reduce cost compared to frozen
berries and retain the natural flavor. However, true
fruit powders will need to be closely competitive with
costs of synthetic flavorings to develop a market in ice
cream manufacturing.
MEAT, POULTRY, AND SEAFOOD
Meat products and shellfish were among the first
products to be freeze dried for military and commercial uses. The unit value of these items makes them
more able to absorb the cost of freeze drying or other
expensive processes necessary to obtain a good product.
Generally, the high-cost dehydrated meats have been
limited to (1) specialized markets willing to pay high
prices for convenience, such as the military, restaurants,
institutions, and campers ; and (2) remanufacturing
markets for use in dehydrated dishes which use only
small portions of the meat ingredients. Most companies
have removed their camper lines of freeze-dried meats
from the market, after finding that limited shelf life and
the high cost of the relatively low-quality product were
serious obstacles. The military market, which is the largest current market for dehydrated meats, shellfish, and
poultry products, is subject to fluctuation . Chicken products and pork chops are among the dehydrated meat
items currently purchased by the military. Probably the
largest commercial market for meat or seafood products
is the institutional market for freeze-dried shrimp.
Some information about the volume of the food service market for seafoods is given in a recent survey. 27 A
sample of commercial and institutional food service establishments which might be considered representative of
large-volume operations was taken from Volume Feeding Management's circulation list. Tuna was the number
one fish and shrimp was the favorite shellfish served
by 92% of the respondents that served seafoods. Only
4% of the total respondents served freeze-dried seafoods, but 9% of the hospital/institution segment of the
respondents served them. This may indicate that initial
market efforts for dehydrated seafoods should be concentrated on the institutional market. General satisfaction with the quality of available seafood products was
indicated. However, nearly 75% of the respondents
from the commercial segment were willing to conduct a
trial with special promotion and then increase the number of seafood items on their menu if warranted by trial
results. This may be an encouraging sign for potential
dehydrators of quality seafoods in convenient forms.
For the majority of meat products, dehydrated meats
are too low in quality and high in cost to compete with
fresh and frozen meat forms. Dehydrated meats will be
limited to products or uses dictating the necessity of a
dehydrated form, such as dry soups and mixes, or where
"Seafood Study, Marketing Services Dept., Volume Feeding
Management, 205 East 42nd St., New York, N. Y., June 1968.

weight and/or convenience are dominant concerns such
as for the military and possibly for institutions. A market which is growing is that for meat and poultry dice
to be used by remanufacturers in dehydrated soups, casseroles, and other prepared dishes. However, such a
small proportion of these products is meat that the market for dehydrated meats is not very large. Specifications for dehydrated chicken-flavored soup require less
than 2% of total weight to be dried chicken meat solids.
Perhaps the export market for dehydrated meats
could be developed into a sizable and profitable market.
The rapidly industrializing Japanese market appears to
be promising because increasing income in Japan will
lead to more convenience food consumption in the near
future and Japan has a very low per capita consumption
of meats at present. "Per capita consumption of beef in
Japan is about three pounds compared to average U. S.
per capita beef consumption of 105 pounds. Low consumption reflects scarcity and high price of beef, not a
lack of demand. The Japanese housewife pays an average of $5.03 per pound for tenderloin, $1.39 for chuck
roast and $1.26 per pound for hamburger at the retail
market."28
Because of increasing wage rates, Japan may find
it more economical to import foods partially or completely processed to be repacked than to produce its own
processed foods from raw ingredients. Dehydrated meat
would be the most economical form of processed meat
products to transport and handle, but it must possess the
necessary quality characteristics. The possible size of the
Japanese market for processed meats makes it very attractive and competition will be tough. Difficulties would
be encountered in obtaining a share of the import quota
and establishing a market through the Japanese distribution channels. Duties of 25 to 30% on processed foods
also increase problems of exporting to Japan . Shipment
in bulk to be processed and packaged in the importing
country would result in lower tariff rates and might
offer a better opportunity to U. S. dehydration.
A competitive problem to be considered in evaluating
the market potential for dehydrated meat products is
the meat substitute produced from soybeans. Such products are marketed in various flavors and are prepared
by the user in a manner similar to dehydrated meats.
They may be more cheaply produced than meat products.
DAIRY PRODUCTS AND EGGS
Dehydration is well established in the dairy industry,
with tremendous volume as shown by census data. Dehydrated dairy products have a current and projected
dollar shipment value greater than the total of all other
dehydrated foods combined, according to Bird (Table
2). A large market exists for dehydrated dairy prodDon Taylor, Export Marketing Opportunities for Oregon
Beef Cattle, Cooperative Extension Service, Oregon State University, Corvallis, Oregon, 1968.

ucts, but deficit milk production may preclude expansion
of dairy product dehydration in Oregon.29
Dehydration of eggs has likewise become a large industry (Table 2). However, Oregon's position of producing fewer eggs than required for the state's fresh
consumption also precludes entry into the egg dehydration industry.
CONCLUSION
Oregon's comparative production advantage for several fruits and vegetables and its location at a distance
from major consuming areas have contributed to the
growth of an important food processing industry in the
state. Development of numerous new dehydration technologies, leading to increased variety and quality of possible dehydrated foods, permits production of convenient food products which have lower transportation
and storage costs than other processed forms. The combination of these factors could be expected to have significant implications for Oregon's food producing-processing complex if total costs of convenient forms of food
products are to be minimized. However, quality must be
carefully evaluated for each specific use to judge acceptability of dehydrated forms.
Dehydrated food products will find varying acceptance in different markets or uses, depending upon desirable product characteristics. A few dehydrated products such as potatoes, onions, and milk are well established and will continue to enjoy outstanding success in
the retail and institutional markets. Other products
which may attain similar success include dehydrated
apple products and the more popular vegetables such as
peas, corn, carrots, and possibly green beans. The largest volume market for dehydrated food products has
been, and will continue to be in the near future, the remanufacturing market. Oregon products for which important remanufacturing markets may be developed include a few of the large volume vegetables, and fruits to
be used in pies, preserves, and ice cream. Dehydrated
meat products may be important for uses in prepared
convenience products. Dehydration of dairy products
and eggs is unlikely to become large in volume in
Oregon.
Dehydration makes possible new concepts in food
products. Dry mixes in which several ingredients are
combined may constitute a complete prepared dish or
soup upon rehydration. New snack items are conceivable. Present food mixes could be changed considerably
by addition of new ingredients. However, the market
for really innovative products of dehydration is likely
to develop rather slowly. The large-volume institutional
and remanufacturing markets probably provide the
easiest means of entry into the food dehydration indus29 Oscar Hagg, Facts About the Oregon Dairy Industry, Cooperative Extension Service, Oregon State University, Corvallis, Oregon, February 1967.
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try. Marketing of lower-volume, more risky specialities
is more difficult.
The information included in this report, and that
available in food trade journals and research publications, 30 should be useful to those concerned with assessing the possibilities in dehydration of specific food products. Food dehydration is an embryonic industry which
may offer a promising future for Oregon's food processors.
APPENDIX
(Brief description of dehydration processes included in Table 1)
1. The dry-blanch-dry method consists of steam blanching
partially dehydrated fruit, then completing dehydration to the
desired moisture level by an appropriate dehydration process.
2. Drum drying involves spreading a liquid onto a rotating
stainless steel drum which is heated inside to remove moisture
and leave a solid sheet of dried material to be doctored from the
drum.
30 See Walter Armbruster, Annotated Bibliography on the Economics of Food Dehydration, Special Report 257, Oregon State
University Cooperative Extension Service, Corvallis, Oregon,
June 1968, for a description of some of the available publications.
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3. In explosion puffing, vegetable or fruit pieces which
have been partially dehydrated in a conventional manner are
heated in a pressurized vessel from which they are instantly discharged so that the flashing of water vapor from within each
piece creates a porous structure.
4. In the foam mat process, the liquid food product is
converted to a stable foam, placed in thin layers on perforated
trays through which air jets are blown to crater the foam, and
dried by heated air at atmospheric pressure.
5. The microflake process involves spreading a thin layer
of foamed slurry on a solid stainless steel belt heated from
below by direct condensation of steam and from above by heated
air.
6. In foam spray drying the vegetable or fruit is converted to a foamed liquid, injected with gas, and dispersed into a
stream of heated air ; as the moisture evaporates, the dry particles are separated from the air and collected.
7. Freeze drying consists of dehydrating frozen foods
under vacuum so that the moisture content changes directly
from solid ice to a gas without passing through the intermediate
liquid stage.
8. Vacuum drying involves removal of water from fruit
and vegetable pieces or juices under high vacuum and relatively
low temperatures.
9. In osmotic dehydration, partial dehydration is accomplished by osmosis using sugar or syrup; then further drying to
one or two percent moisture is carried out in an air or vacuum
dryer.
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MINERALOGY AND TRACE ELEMENT COMPOSITION OF ASH AND PUMICE
SOILS IN THE PACIFIC NORTHWEST OF THE UNITED STATES*
M. E. Harward and G. A. Borchardt**
SUMMARY
Volcanic ejecta from the Cascade Range forms parent materials of large areas of soils in the northwestern United
States. The widely distributed deposits are generally of dacitic composition. The largest deposit resulted from
eruption of Mt. Mazama about 6600 years ago. The coarse Mazama pumice consists of glassy hypersthene—augite
dacite with accessory hornblende. Although the pumice contains on the order of 15 percent minerals on a volume
basis, the mineralogy varies within wide limits depending on direction and distance from the source as well as with
particle size.
Parameters most useful for distinguishing different deposits are characteristic minerals, indices of refraction of
phenocrysts and glass, and chemical composition of the glass. Problems associated with identification are variations
in minerals of the deposit, presence of contaminants, variation in the amount and type of phenocrysts, and changes
in composition by weathering.
Investigations are in progress at Oregon State University to characterize the trace element composition of volcanic
glass by use of instrumental neutron activation analysis. Abundances of 19 nuclides belonging to the alkali and
alkaline earths, rare earths, and transition metals are obtained directly with this technique. The trace element
composition of glass was shown to be consistant within given deposits and to differ between sources. Weathering
affects the composition of some elements, particularly the transition elements, but there appears to be little effect
on the contents of rare earths. Trace element analyses determined by neutron activation are useful in investigations
of depth of weathering, nature of alteration products, and profile discontinuities as well as for identification of the
ash layers being investigated.
INTRODUCTION
General Geologic History of Cascades
The geologic history of the northwestern United States is intimately related to volcanism. The Cascade Range
consists of a sequence of volcanic peaks extending from northern California across Oregon and Washington into
British Columbia, Canada. Numerous vents exist in this area from which ejecta have been widely distributed. Active
sources during the Quaternary include Lassen, Shasta, McLaughlin, Mazama, Newberry, Three Sisters, Jefferson,
Hood, Adams, St. Helens, Glacier Peak, Baker and Bridge River (6, 17). There are also a number of recently active
cinder cones in Oregon which are sources of locally distributed ash falls (13, 14).
Distribution of Different Ash Falls
The less silicious deposits (andesitic and basaltic) are darker colored and crystalline components may be dominant
over glass (17). Although the individual deposits of basic ash are usually not extensive, they are more numerous and
may be locally significant. The more silicious ejecta (rhyolite and dacite) are more widespread. They are generally
light colored and phenocrysts such as feldspars, quartz, pyroxene, amphiboles, micas, and opaque oxides seldom
exceed 10 — 15 percent by volume.
Detailed information on sources, chronology, and distribution is lacking for many of the deposits of the region.
There are, however, encouraging developments in the Quaternary volcanology resulting from current interest by
geologists, oceanographers, anthropologists, archeologists, and soil scientists. It is now possible to indicate some of
the chronology and distribution of volcanic ash deposits (Table 1 and Figure 1). The ash falls from Glacier Peak and
St. Helens were widely distributed but that from Mazama is the most extensive. It has been estimated that the
volume of material deposited on the landscape by the catastrophic eruption of Mazama may be over 10 cubic miles
(18). The area of deposition includes most of Oregon, Washington, northern Idaho, eastern Montana, and the
southern parts of British Columbia, and Alberta, Canada. Mazama ash and pumices forms the parent material for
large areas of present day soils in Oregon.
* Special Report No. 276, Oregon Agr. Exp. Sta., Corvallis. Partial support of the Atomic Energy Commission, Contract AT(45-1)2062, for some phases of investigation are gratefully acknowledged.
** Professor of Soils and Graduate Assistant in Soils, respectively.
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FIGURE 1. Distributions of some volcanic ash deposits in northwestern United States (after Crandell 'et al' (12) and Fryxell (4).
M:
Manzana
GP: Glacier Peak
SH: St. Helens—Y
NB: Newberry

Basis of Interest
The predominant interest in volcanic ash in the region has been for stratigraphic markers and correlation. Most of
the research emphasis has therefore been on distribution, chronology, and identification of deposits where
mineralogy and chemical composition are the characteristics most often used. There is some current interest from
the standpoint of geochemistry and volcanic processes. Relatively little has been done so far from the standpoint of
soil—parent materials and the influence of the ash on soil processes and properties. It was for this reason that an
expanded research program on soils of volcanic ash was recently initiated at Oregon State University. The deposits
from eruption of Mt. Mazama are receiving major emphasis. Present lines of investigation include:
1) Stratigraphy, redistribution and mixing in local environments
2) Identification on the basis of trace element composition determined by instrumental neutron activation
analysis (I NAA).
3) Weathering and genesis of crystalline and amorphous clays
4) Porosity of pumice and its relationships to movement of ions and weathering processes.
MINERALOGY
Glass: Mineral Ratios
The relative content of minerals in the glassy matrix will vary with conditions in the magmat ic chamber at the
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time of eruption. However, discrimination between deposits on the basis of glass:mineral ratios is not regarded as
reliable. The ashes of andesitic or basaltic composition usually have a dominance of crystals over glass while the
reverse is true for ashes of rhyolitic and dacitic composition (16). The widely distributed ashes tend toward similar
compositions and mineral contents. Superimposed upon this are variations within a deposit due to sorting by wind
and gravity and segregation by subsequent movement and redeposition. Williams (18) found the ratio of crystals to
glass in the Mazama deposit to vary between wide limits. Close to Crater Lake where the deposit consists of large
lumps, the volume of discrete crystals falls below 1 percent while at greater distances it may increase to more than
25 percent. In the region southeast of Klamath Marsh (east of the source), the volume percentage of crystals ranges
from 1 to 11 percent. North of the source, the content of crystals generally increases with distance from Crater
Lake. However, these differences may be related to different lobes of the deposit shown on his isopachytes diagram.
The increase in crystal content with distance reported by Williams probably results from complex factors associated
with conditions at the time of the eruption sequence. Crystal content normally decreases with distance due to
segregation of heavier minerals. The complexity of the problem is illustrated by data of Borchardt * for samples
taken along the northeast axis of the main lobe of the Mazama deposit (Table 2). The percentage of glass in 125 —
63p fractions of samples from the fine ash deposit increased from 40 to 72 percent as distance from the source
increased. However, the coarse lump pumice closer to the source contained 82 percent glass.
Primary Mineral Suites
Factors or Problems:
Suites of primary minerals have been used extensively to characterize and identify ash deposits in the region.
Wilcox (17) has reviewed some of the problems of sampling and interpretation of data. The proportions of different
minerals will vary within the deposit as discussed in the previous section. Although variation in proportion of
constituents occurs, rarely will a primary constituent be totally lacking. Contamination or mixing of the deposit
with the underlying material can lead to misleading or anomalous results. This problem is minimized by using
phenocrysts with a complete or partial glass mantle as a criterion for volcanic origin. Distinctive crystals are
therefore most useful in identification and relative abundances must be used with caution.
Mazama Deposits:
The coarse Mazama deposit has been described by Williams (18) as consisting of glassy hypersthene—augite dacite
with accessory hornblende. The crystals consist of plagieoclase, hypersthene, and smaller amounts of augite and
hornblende. The ratio of light to heavy crystals is higher in the marginal parts of the pumice sheet than near the
source. The ratio of feldspar to dark minerals is usually between two and three. Plagioclase is more abundant than all
ferromagnesian minerals combined. Hypersthene is usually the chief dark constituent. The feldspars are intensely
zoned and show a composition from labradorite at the center to oligioclase at the rims and they are highly fractured.
Other Deposits and Relations to Mazama'
The complexity of ash deposits in the region is demonstrated by the interlayered deposits of volcanic ash at Mt.
Rainier, Washington. These have been shown to be from several sources including the eruption of Mt. Mazama in
Oregon (2). Mineral abundances were used to aid in distinguishing the different layers (Table 3). The mineralogy of
Mazama and other ash layers in Alberta are included for comparison. The analyses for the Mazama ash in Washington
are in general agreement with the report by Williams (18). The Mazama layer is similar to St. Helens—W* *except for
the presence of augite and differs from Rainier—C only in the amount of hornblende. The Mazama ash in Alberta
apparently differes from the other deposits of that area by a higher content of hornblende. The presence of
cummingtonite in St. Helens—Y is distinctive (16, 17). The Mazama ash in Alberta differs from that in Washington
by apparent absence of hypersthene. The St. Helens—Y in Alberta has lower contents of hornblende than that in
Washington. Although these data illustrate the usefulness of mineralogy in distinguishing deposits in the same area,
they also emphasize the problems of correlation over large distances and differences between petrographers. Wilcox
(17) points out that to identify a particular ash in the laboratory, most effort should be placed on characteristics
expected to be consistent throughout the deposit. In addition to mineral identification, he recommends the use of
refractive indices of phenocrysts. These petrographic techniques have been used to aid in distinguishing Mazama
from the Glacier Peak ash (9). Refractive indices of constituents in ash from eleven recent sources in the Cascades
are given by Wilcox (16).
Refractive Index of Glass
The refractive index of volcanic glass has been applied widely to deposits in the region (2, 9, 12, 16, 17(. Some of
* G. A. Borchardt. Preliminary data for Ph.D. thesis, Oregon State University
** See Table 1 for designation of ash layers.
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the data are given in Table 3; additional data for a number of sources in the Cascades are given by Wilcox (17). This
has proven to be a useful parameter when carefully determined. Problems associated with the parameter involve the
small differences between the various sources or deposits. This requires determinations made with a sensitivity of
0.001 units and by counting a large number of particles to obtain modal values. Steen and Fryxell (12) report that
weathering has little effect on the modal values although intuitively it would seem that this should be a factor.
Wilcox (17) cautions that the glass of a particular ash may vary somewhat because of initial inhomogenity or
variation in degree of hydration and that deviations can be expected for glass that has been in an alkaline
environment.
CHEMICAL COMPOSITION
Factors or Problems:
Chemical composition is one of the most widely used characteristics of volcanic ash. As in the case of primary
minerals, a number of factors must be kept in mind in selection of samples and interpretation of data. It has been
emphasized that the kind and amount of primary minerals vary within a given deposit. Consequently, analyses on
whole samples containing different amounts and types of minerals have limited utility. The chemical composition of
the glass is preferred for use as a distinguishing criterion. Even in the case when analyses are reported for glass,
differences in degree of separation can result in discrepancies of data. Unfortunately, the literature is not always
clear as to whether the analyses reported for a given volcanic ash or pumice is for glass only, for lumps with mineral
inclusions or for glass with a given content of crystal contaminants.
Contamination of the sample with detrital or non—volcanic components is minimized by separation of volcanic
glass. The presence of carbonates or hydrous oxides may require "cleaning" treatments. For precise analysis, removal
of surface contaminants is required. Mixing of different volcanic deposits is a much more difficult problem to
recognize and handle. This may be indicated by stratigraphy of the area and deviations from the composition norms.
A factor which has received less attention is weathering or alteration of the deposit. Variations are expected in
relation to depth and environment. Borchardt (3) has shown that samples of Mazama pumice from upper soil
horizons are lower in Si, Ca and K and higher in Al, Ti and Fe relative to lower horizons. Similar effects have been
reported by Czamanske and Porter (3) for "fresh" and "weathered" lumps of pumice. The importance of weathering
to trace element compositions will be illustrated later.
Major Element Composition
The Mazama pumice has been classed as dacite on the basis of its chemical composition (18). These analyses were
made on the lump pumice. Other analyses for the Mazama ash as well as for Glacier Peak ash are given by Powers
and Wilcox (9), Czamanske and Porter (3) and Smith and Westgate (10). The data of Smith and Westgate were
chosen for presentation here (Table 4) since they include averages of a larger number of samples with precise control
of the glass component being analyzed. The general similarity in composition of the different glasses is apparent and
consistant with the dacitic composition of widely distributed ash falls. Within this gross similarity, characteristic
differences are usually observed. The Glacier Peak ash is higher in silica and lower in most other constituents in
comparison with Mazama. Components of St. Helens—Y are generally intermediate between Mazama and Glacier
Peak except for Ca which is higher. The Bridge River ash is most like Mazama and would be difficult to distinguish
on the basis of these data.
The technique of Smith and Westgate (11) deserves special comment since their data were obtained by the use of
an electron probe. The merit to this approach is the degree of control for analysis of glass. Conditions of operation
were such that the material could be viewed during analysis and the microlites and bubbles in the shards or pumice
fragments could be avoided. Although 12 elements were determined, it was reported that as few as 3 elements such
as Ca, K and Fe or Ca, K and Na would distinguish their samples. An apparent limitation of major element analysis
involves the influence of weathering. All of the elements determined may vary depending on the environment since
deposition. They are fortunate in that the ash in the Edmonton area occurs as buried layers and apparently little
alteration has occurred. This contrasts with the situation in Oregon in which much of the Mazama pumice is surficial
and alteration has occurred in upper horizons. The extent to which the method can be applied for samples of diverse
environments and success of pretreatments to obtain a residue of "clear, fresh" glass needs to be. determined.
Nevertheless, it is obvious that the technique has great merit for eliminating the contribution of phenocrysts.
The content of titanium by X—ray emission spectroscopy also has been used to aid in the identification of
Cascade Range pyroclastics (3). The contents of TiO 2 for Mazama and Glacier Peak lump pumice were 0.58 and
0.43 percent respectively; the contents in the glass fractions of Mazama and Glacier Peak were 0.42 and 0.28
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respectively. However, the composition was affected considerably by enrichment of Ti by weathering which resulted
in overlap in values for some samples of the two sources. In addition, titanium contents of other ash layers such as
those of St. Helens overlap those of Glacier Peak and Mazama.
Trace Elements
Information in the literature on trace element composition of different ashes of the region is scarce. The contents
of yttrium, ytterbium and zirconium in Glacier Peak pumice have been reported to be lower than in Mazama pumice
19).
Instrumental Neutron Activation Analysis
Pedological studies across a transect of a given deposit require the ability to recognize the deposit over distance
and to distinguish it from others. As previously discussed, determinations to accomplish this include kinds and
amounts of primary minerals, indices of refraction of glass and phenocrysts, and chemical composition. Chemical
analyses generally have been restricted to the more common major elements. Trace element composition by wet
chemical methods has not been extensively used because the techniques are laborious. Each of the different
approaches has some limitations due to overlapping parameters, bimodal frequency distributions and problems of
mixing or contamination. There is generally no signle method that will determine source. Rather, several methods
are used to complement each other.
Activation analysis has been successfully applied to analysis of meteorites and other geologic material (5, 10).
Although not previously used for distinguishing volcanic ash deposits, activation analysis should offer considerable
promise for this purpose. The merit for the approach lies in the ability to obtain analyses for a large number of trace
elements more rapidly than is possible with wet chemical procedures. A "finger print" of many elements should
increase the reliability of identification.
A preliminary study indicated the potential usefulness of instrumental neutron activation analysis (INAA) in
distinguishing different deposits of volcanic ash (15). Ash samples of known origin were used to develop the general
methodology and determine the magnitude of differences between samples.
Detailed investigations using INAA of samples of soils developed on volcanic ash are now in progress at Oregon
State University. Data from the present study will form the basis of the Ph.D. thesis of G. A. Borchardt. Although
analysis and interpretation of the data are not yet complete, summaries of the preliminary data are presented here to
illustrate the kinds of problems studied with the technique. In addition, they will provide a perspective of trace
element compositions of some of the ash deposits of the region. The final data are scheduled to be published in
scientific journals.
Procedures:
Horizon samples were obtained along a southeast to northwest transect from the vicinity of Crater Lake to the
northeastern corner of Oregon. This corresponds to the axis of the main lobe of the Mazama deposit. Sites were
selected on broad plateaus or ridge tops under forest vegetation in an effort to minimize contamination by
movement and redeposition. Samples of preserved ash layers in bogs were obtained for reference and correlation
with upland sites.
It was recognized that contamination of layers of pyroclastics by primary minerals and possible differences due to
mineral sorting might contribute to geochemical variability and confound the interpretations. Therefore, glassy
components were isolated from fine sand size (125 to 63,u) fractions using bromoform—bromobenzene, p = 2.4
g/cm 3 . An additional separation at 2.2 g/cm 3 may be used to remove fragments of plant residues. The separates were
then irradiated in the Oregon State University TRI GA Reactor and analyzed using the method of Gordon 'et al', (5).
The counting equipment consists of a 30 cm i Ge(Li) semiconductor detector and a 4096 Nuclear Data Multichannel
analyzer.
Analysis of the gamma ray spectra emitted from the irradiated sample and comparison with suitable standards
yields elemental abundances down to the range of parts per million. The glassy separates yielded 19 nuclides
measureable directly with these techniques. These include the alkali and alkaline earth elements Na, Rb, Ca and Ba;
the rare earth elements La, Ce, Nd, Sm, Eu, Tb, Yb and Lu; and the transition elements Th, Hf, Ta, Co, Fe, Sc and
Cr.
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Variation within Deposits:
The basic assumptions in this approach are that the elemental compositions of ashes of various sources differ and
that these differences can be measured. This requires that one must first evaluate the accuracy of determinations and
the variability within the deposit. The average elemental compositions for 21 samples of Mazama pumice and ash
and the associated statistics are given in Table 5. The accuracy of determination (based on counting statistics) varies
with the different elements. A number of elements can be determined within a few percent and most of them within
5 to 20 percent of the amount present. The variability within the deposit appears to be no greater than the accuracy
of determination.
Differences Between Sources:
The average compositions of samples from known sources are given in Table 6. The Mazama deposit is
characterized by a particle size discontinuity (C1 — C2 horizon boundary) at a number of locations where coarser
materials overlie the finer. The data show that the trace element compositions of these horizons are much alike. The
Newberry samples are generally higher in trace elements than in Mazama samples. The Glacier Peak ash has
significantly lower trace element contents than Mazama. The St. Helens—Y samples are similar to Glacier Peak.
For distinguishing or correlating ash deposits, it is desirable to have a smaller number of parameters which will
represent the composition of a sample. The extent to which compositions differ can be expressed in terms of relative
concentrations. The data in Table 7 summarize the difference between samples of known origin. The means (Column
1) were obtained from the ratios of each of the 19 elements determined relative to the average composition of 21
different samples of Mazama. For a sample like Mazama, the ratio for a given element should be near 1. The mean of
the ratios for all elements in the sample should also be near 1 and the coefficient of variation (% C. V.) should be
low. The deviation in mean ratio from a value of 1 and the larger values for % C. V. reflect the lack of agreement
with Mazama.
Composition Across a Transect:
Mean trace element ratios for volcanic ash from C horizons across the transect generally verify our initial
assumption that the sample sites represent the Mazama deposit (Table 8). Mean ratios are close to 1 and C. V.'s are
low. The South Ice Cave site deviates from the other four sites. The field description for this site indicates some
mixing of horizons. Weathering changes the trace element composition and decreases the agreement with the
standard Mazama composition. Examination of the individual element compositions for this sample suggests mixing
with some of the weathered horizons. The possibility of contamination from local sources in the area should also be
considered.
Depth of Weathering:
Weathering results in accumulation of some trace elements in upper horizons. This is reflected in higher values of
the mean ratio and percent C. V. (Table 9). Higher concentrations in weathered horizons than in lower ones were
particularly evident for Cr and Co and to a lesser extent for Sc and Fe. The rare earth elements do not vary
appreciably with depth. For purposes of correlation or identification it will be necessary to use criteria other than
mean ratios of all elements. The use of rare earth compositions or certain element ratios such as Fe/Sc or La/Sm are
needed for correlating weathered materials. On the other hand, variation of certain trace elements with depth
provide a means of determining the extent of weathering.
Alteration Products:
Amorphous components dominate the clay fraction of soils developed on Mazama pumice. The question arises
as to whether this is merely fine glass or a weathering product. An alteration product would be indicated by
differences in chemical composition. Comparison of < 2p fractions with the average composition of the glass show
that the clay fraction is different and suggest that it is indeed an alteration product (Table 10). The abundances in
the clay fractions exceed that of the glass by factors of 2 — 10 times depending on the element.
Bog Sites Versus Uplands:
Samples of preserved ash layers in bogs generally correlate with samples from the uplands. For example, samples
were obtained from a bog at Tollgate Summit which is near the Dick Springs soil location. The mean ratio for the
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bog sample is 0.93 and the C. V. is 15 percent. These values may be compared with the C horizon sample of Dick
Springs listed in Table 8. Samples from some bogs resulted in values somewhat higher than expected for Mazama.
These effects appear to be related to weathering as noted for upper soil horizons.
Profile Discontinuities:
Activation analysis techniques have application to study of profile discontinuities. In our case, we wanted to
know if the particle size discontinuity (C1 - C2 horizon) was also correlated with differences in chemical
composition. Preliminary analysis of the data indicate that the compositions are the same within the accuracy of
determinations.
Inclusion of Phenocrysts (Glass vs. Whole Samples):
Glass separates were used in most of our investigations to avoid possible confounding with different mineral
contents. The effect of mineral inclusions was checked by comparing whole samples with glass separates of Mazama
and Glacier Peaks pumices. Although the presence of minerals in the Mazama sample did not materially change the
mean ratio, the abundances of particular elements were affected (Table 11). The content of rare earths remained the
same while there were increases in Fe, Sc and Cr. The Mazama lump pumice contains on the order of 15 percent
minerals on a volume basis. The effects of mineral inclusions would be more pronounced in fine ash samples
containing higher mineral contents (Table 2). Glacier Peak pumice has higher contents of phenocrysts than Mazama
and the increases in composition were very marked.
Regional Distribution
Deposits of volcanic ash from as far away as Edmonton, Alberta, Canada and from ocean deposits in the Astoria
fan off the Columbia River have been reported to be from Mazama (8, 16). Analysis of samples from these deposits
yielded values which agree very well with the standard composition of Mazama. This illustrates the usefullness of
INAA techniques for correlating ash deposits over large distances.
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TABLE 1. Source and chronology of some quaternary ash deposits of the northwestern United States.
Ash fall or layer

Source

Approx. age (yrs. B. P.)

Reference

T

Mt. St. Helens, Washington

167

Mullineaux

( 7)

W

Mt. St. Helens, Washington

300

Crandell 'et al'

( 2)

C

Mt. Rainier, Wwashington

1,000 — 3,000

Crandell 'et al'

( 2)

Newberry

Newberry Crater, Oregon

2,000

Higgins and Waters

( 6)

Y

Mt. St. Helens, Washington

3,200

Crandell 'et al'
Westgate and Dreimanis

( 2)
(16)

0

Mt. Mazama, Oregon

6,600

Williams
Crandell 'et al'
Powers and Wilcox
Wilcox
Allison

(18)
( 2)
( 9)
(16)
( 1)

R

Mt. Rainier

8,750

Crandell 'et al'

( 2)

Glacier Peak

Glacier Peak, Washington

Powers and Wilcox
Fryxell

( 9)
( 4)

TABLE 2.

12,000

Relationship of distance to content of glass in very
fine sand size fractions of Mazama ash. (Samples
of C horizons)

Location

Distance from Source
(km)

South Ochoco Butte
Day Creek
Dick Springs
Huckleberry Springs
(lump pumice)

glass

222
304
445

40
59
72

50

82

TABLE 3. Mineralogy of volcanic ash deposits from northwestern United States (%)
Washin_gton*

O

Mazama
Hypersthene

> 50

Hornblende

5 — 50

Augite

5 — 50

Y
St. Helens
R
> 50

Oxyhornblende

W
St. Helens

C

R
Rainier

Rainier

> 50

V

> 50

5 — 50

V

< 5

V

5 — 50

V

Orthopyroxene
Clinopyroxene
Biotite

R

V

> 50

Y
St. Helens

10 — 50

5 — 10

R

< 5

R

R?

Bridge River

10 — 50
< 5
10 — 50
<5

R

R

Cummingtonite

.*

Mazama

R

Apatite
Refractive Index
of glass

Alberta**

< 5
R

10 — 50
1.50-1.51

1.50-1.51

1.49-1.50 1.52-1.57 1.50-1.53 1.504-1.514

Crandell 'et al' (2) Samples from vicinity of Mt. Rainier, Washington.
Westgate and Dreimanis (16). Samples from Alberta, Canada.
Rare
Variable

1.502-1.520

1.496-1.504

B. 5. 1 0

TABLE 4.

Average compositions (%) of volcanic glasses. (Data of Smith and Westgate, 11).
Mazam a

Si 02
TiO 2
Al 2 0 3
Fe2 0 3 + FeO
MnO
MgO
CaO
Na2 0
K2 0
5
P2 0
CI
F

Glacier Peak

St. Helens-Y

76,51
,24
13,44
1,11
,03
,28
1,32
3,92
2,96
,02
,18
--

74,80
,17
14,70
1,39
,03
,46
1,81
4,45
2,01
,04
,11
,02

72,27
,49
14,85
2,02
,04
,53
1,61
5,23
2,67
,06
,18
,05

TABLE 5.

Element
Na
Rb
Cs
Ba
La
Ce
Nd
Sm
Eu
Tb
Yb
Lu
Th
Hf
Ta
Co
Fe
Sc
Cr

Average elemental composition, counting statistics, and field variability of Mazama ash (21
samples)
Coefficient of Variation (%)
Counting
Field

Concentration* ±s
3,47%
55
3,73
679
21,6
42,4
25,5
4,99
,81
,87
3,49
,58
5,88
6,30
,25
2,51
1,46%
6,24
1,6

.07
11
,52
48
1,5
1,3
9,9
,10
,09
,26
,49
,10
,29
,19
,06
,48
,03
,12
1,2

2
20
14
17
7
3
39
2
11
30
14
17
5
3
23
9
2
2
73

* ppm except for Na and Fe which are in percent.

5
20
14
16
9
5
34
7
13
21
16
15
13
4
39
15
5
5
36

Bridge River
72,95
,44
14,64
1,85
,05
,54
1,65
4,77
2,86
,04
,15
,07

B.5.11
Average trace element compositions of pyroclastics from several sources in the Cascade Range. (ppm unless otherwise indicated.

TABLE 6.

Element

Mazama
C1
(4 samples)

Mazama
C2
(4 samples)

Newberry

Glacier Peak

(3 samples)

(3 samples)

3.26
52.
3.73
611.
22.
44.5
28.3
5.09
.90
.79
3.59
.55
6.35
6.55
.30
2.81
1.52
6.61
1.62

3.54
48.
3.39
659.
20.5
42.4
29.6
4.99
.75
.86
3.49
.57
5.94
6.24
.17
2.48
1.46
6.24
1.47

3.71
96.
4.85
625.
33.5
43.7
22.4
7.09
.72
1.22
6.56
.94
12.93
8.95
1.02
1.18
1.52
6.24
2.53

2.12
41.
2.54
346.
15.3
25.9
7.9
2.05
.49
.23
.80
.23
6.41
2.52
.28
2.86
1.02
3.12
1.99

Na(%)
Rb
Cs
Ba
La
Ce
Nd
Sm
Eu
Tb
Yb
Lu
Th
Hf
Ta
Co
Fe(%)
Se
Cr

TABLE 7.

St. Helens-Y
(2 samples)
2.29
34.
1.90
217.
16.6
22.5
16.6
2.64
.45
.53
.70
.22
3.59
2.14
.33
2.83
1.18
2.50
2.20

Mean elemental ratios for different sources
of volcanic ash relative to Mazama.

Source of Ash
Mazama C1
Mazama C2
Newberry
Glacier Peak
St. Helens-Y

v (c

Mean Ratio*
1.03
.97
1.47
.65
.65

Percentage C. V.
15
16
52
53
48

x4 / No. elements

(Cx

where
(C
is composition of element x for sample being
xZ
compared to Mazama ash.
(Cx ) M is average composition of element x for 21
samples of Mazama ash.
TABLE 8. Mean elemental ratios for C horizon samples
of volcanic ash across a transect of soils.

Location

Huckleberry Springs
(Sec. 36, T.27S, R9E., W.M.)

Distance Mean
from source ratio* C.V.
(km)

50

0.99

10

South Ice Cave
(Sec. 13, T.23S., R.13E., W.M.)

107

1.38

34

South Ochoco Butte
(Sec. 11, T.13S., R.20E., W.M.)

222

1.05

22

Day Creek
(Sec. 24, T.11S., R.30E., W.M.)

304

.92

15

Dick Springs
(Sec. 11, T.3N., R.37E., W.M.)

445

.99

15

* Mean of trace elements relative to standard composition of
Mazama.

8.5.12

TABLE 9. Changes in trace element composition of
volcanic ash with soil depth: Weathering effect.
(Day Creek site).
Horizon

Depth
(cm)

Mean
ratio*

Al
AC
C1
C2

0-25
25-45
45-60
60-72

1.28
1.29
1.13
.92

Percentage C.V.
78
55
26
15

* Mean of trace elements relative to standard composition of
Mazama.

TABLE 10. Trace element compositions of < 2/2 fractions
of soil horizons relative to 123-63/1 glass.
(Day Creek site).
Horizon

Depth
(cm)

Mean
ratio*

Al
AC
C1
C2

0-25
25-45
45-60
60-72

2.92
2.95
2.54
2.22

TABLE 11. Effect of mineral inclusions on trace element
compositions. (Whole samples vs. glass separates).

Percentage C.V.
100
91
66
44

* Mean of trace element ratios of <2/2 fraction relative to
standard composition of Mazama glass.

Mean Ratio*
% C. V.
Rare Earth Elements*
Co (ppm)
Fe (%)
Sc (ppm)
Cr (ppm)

Mazama

Glacier Peak

Lump
Glass Pumice

Lump
Glass Pumice

1.05 1.09
14
22
1.13 1.12
3.05 2.36
1.49 2.13
6.82 7.78
1.00 2.80

0.36 1.02
91
49
.83
.38
1.40 5.94
.52 1.85
1.77 6.12
.80 7.00

" Relative to the standard composition of Mazama glass.

