PaneeBis= pipzzi4

LASSEN VOLCAL iONAL PARK
Research Library

Fact Sheets—An Effective Aid to
Interpretation of Natural Features in
National Parks

A poster presentation at
“West by Northwest”
Resource Management and Interpretation
Workshop
National Park Service, Pacific West Region
March 13-17, 2000
Hanalei Hotel, San Diego, CA

ML.A.Clynne',
J.W. Hendley IT?,
and P.H. Stauffer?

U.S. Geological Survey
345 Middlefield Road MS910
Menlo Park, CA 94025

'Volcano Hazards Team
?Western Publications Group

mclynne@usgs.gov
(650) 329-5236

P{o% (& }\E&Lm‘gﬁ P b



Abstract

A relatively new concept to make the latest scientific information accessible to the public is
to combine U.S. Geological Survey (USGS) Earth and biological science with National Park
Service (NPS) interpretation. Because staff in National Parks often lack extensive expertise in
Earth science, they typically rely on published information from scientific or popular literature
for geological interpretation. Unfortunately, much of this information is highly technical, biased,
incorrect, or out of date. One solution to this problem is to promote joint publication of “Fact
Sheets,” concise, 2- or 4-page, well-illustrated interpretations of specific natural science topics.
Fact Sheets are an effective means of quickly and clearly communicating scientific explanations of
Park features to the public. Readers of these publications learn how to better understand the
natural wonders of Parks. Careful review and edit are especially important with such Fact Sheets
because they must present a clear, unambiguous message to the visitor.

Introduction

The U.S. Geological Survey (USGS) has made public outreach and Earth science education
primary goals and uses “Fact Sheets” as part its established outreach program. In most national
parks, even those that were established to protect and showcase significant geologicfeatures, the
National Park Service (NPS) has no geologist on staff to assist in developing and maintaining
geologicexhibits. For many years, USGS geologists working in the Parks have had informal
arrangements to transfer information to park staff for dissemination to the public. To further this
goal, the Volcano Hazards Team of the USGS has begun jointly publishing a series of Fact Sheets
with the NPS about volcanic features in national parks. This series, the first of which describe
volcanoes in Lassen Volcanic National Park, is expected to be only the beginning of a broader
program of joint Fact Sheets for the public.

Fact Sheets further several goals:
e applying USGS scientific expertise to interpretation of geologic features in national parks

e supplying data to NPS naturalist staff on advancements in the understanding of geology in
individual parks

e promoting interaction between USGS scientists and NPS interpreters to develop outreach
materials for park visitors

e educating the public directly on park geology



Fact Sheets are a powerful tool for information transfer:

they are concise, easy to read, and can be produced quickly

they make accessible the most up-to-date information on park geology-——many interpreters
are unaware of the latest discoveries because they are unpublished or only published in
technical literature

they are the result of collaboration between geologists and interpreters, making the best use of
each others expertise

fact sheets jointly produced with NPS are peer reviewed and edited and illustrated for the
public by USGS technical production staff

The two main types of Fact Sheets:

a more technical fact sheet that brings a higher level of science to a focussed topic, typically 2
(but can be 4) pages in one color

a less technical fact sheet with a more general presentation style, typically 2 (but can be 4)
pages in full color

Essential Elements of a Good Fact Sheet:

®

Good science

Short, active, and non-technical title
Attention-grabbing introduction (usually a story)
Clear, concise message that readers can relate to

Eye-catching and effective graphics

Fact Sheet examples:

The fact sheet format is flexible and can accommodate a wide variety of topics and styles of
presentation. Here are two examples of recently produced fact sheets for Lassen Volcanic
National Park.



Eruptions of Lassen Peak, California, 1914 to 1917

The Devastated Area on the northern flank of Lassen Peak was the site of a catastrophic
eruption in May 1915. This eruption was the reason for creating Lassen Volcanic National Park,
and the Devastated Area is one of the major attractions in the park. Until recently, the
interpretation of this eruption relied on information acquired before 1935. Because there have
been many advances in the science of volcanology, this information was seriously out of date,
and much was incorrect. The 1914-1917 eruptive sequence had several unique facets, and this
Fact Sheet makes available new interpretations of those events. It contains enough science to
guide naturalists’ presentations, but not so much that non-geologists are overwhelmed, and also
provides visitors more complete information than is available in NPS displays.

How Old is “Cinder Cone”?-Solving a Mystery in Lassen Volcanic National
Park, California

On the basis of “eyewitness” accounts from the 1850’s, Cinder Cone, a volcano in Lassen
Volcanic National Park, was thought to have last erupted in 1850-1. Interpretations of its
history have been varied and complex, some involving as many as 5 eruptions over 300 hundred
years, culminating in 1851. However, recent work by USGS geologists at Cinder Cone has
unequivocally refuted the 1851 eruption. This fact sheet is the first official presentation of a new
interpretation of the formation of Cinder Cone. Here the science is less technical than in the
Eruptions of Lassen Peak fact sheet, and is presented within the historical framework of the
evolving understanding of Cinder Cone and the personalities involved. It is intended to
supplement the NPS trail guide at Cinder Cone.

USGS Volcano Hazards Team-Lassen Volcanic National Park cooperation

The USGS and NPS have long recognized the problems of interpreting geology in parks.
Several years ago the Volcano Hazards Team proposed and Lassen Volcanic National Park
(LVNP) agreed to collaborate on a series of fact sheets to interpret park geology. Park naturalists
select the topics, USGS scientists and editorial staff write the text and provide the layout. Input
and review from NPS naturalists occurs at all steps in the process. The two examples illustrated
above are the first of at least five Fact Sheets for LVNP (Fact Sheets on Lassen’s history of
volcanism, hydrothermal system, and volcano hazards are in preparation). We hope that this
model of cooperation between USGS scientists and NPS naturalists will spread throughout
national parks with geologic themes.

Conclusion

The USGS has made public outreach and earth science education primary goals. A
fundamental aspect of the NPS mandate is information transfer to park visitors. Joint
NPS/USGS interpretive products for increasing public awareness of the natural resources in
national parks seems like a hand-in-glovefit. Fact sheets are a powerful tool for accomplishing
these compatible goals.
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U.S. GEOLOGICAL SURVEY and the NATIONAL PARK SERVICE—OUR VOLCANIC PUBLIC LANDS
Eruptions of Lassen Peak, California, 1914 to 1917

0 n May 22, 1915, an explosive
eruption at Lassen Peak, Califor-

nia, the southernmaost active volcano in
the Cascade Range, devastated nearby
areas and rained volcanic ash as far
away as 200 miles to the east. This ex-
plasion was the most powerful in a
1914-17 series of eruptions that were
the last to occur in the Cascades ba-
fore the 1580 eruption of Mount St
Helens, Washington. Recent work by
scientists with the U.S. Geological Sur-

vey (USGS) in coaperation with the Na-
 tional Park Service is shedding new
Llightnuﬂ:m uupdau. |
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Lassen Peak is the largest of a group of
more than 30 volcanic domes erupted over the
past 300,000 years in Lassen Volcanic National
Park in northern California. These mound-

shaped accumulations of volcanic _"0‘-'1‘- called The May 22, 1315, explosive eruption of Lassen Peak, California, blasted rock fragments and pumice high into the
lava domes, were created by eruptions of lava air and rained fing volcanic ash as far away as Winnemucca, Nevada, 200 miles to the east. In this photograph

too viscous to readily flow away from its taken from near the town of Red Bluff, 40 miles west of the valcano, the huge column of voicanic ash and gas
source. Eruptions about 27,000 years ago produced by the eruption rises to a height of more than 36,000 feet. (Photograph by R.E. Stinson; courtesy of the
formed Lassen Peak, probably within only a National Park Service )
few years. With a height of 2,000 feet and a
volume of half a cubic mile, it is one of the rock talus. However, from 25,000 to 18,000 eroded by a glacier that extended out 7 miles
largest lava domes on Earth, years ago, during the last ice age, Lassen’s shape  from the dome.

When Lassen Peak formed, it looked much was significantly altered by glacial erosion. For
like the nearby 1,100-year-old Chaos Crags example, the bowl-shaped depression on the Initial Rumblings {May 1914 to May 1915)

Domes, with steep sides covered with angular volcano's northeastern flank, called a cirque, was On May 30, 1914, Lassen Peak awoke from a
27,000-year-long stumber when it was shaken by a
DEVASTATION CAUSED BY THE MAY 1915 ERUPTIONS steam explosion. Such steam blasts occur when

. - molten rock (magma) rises toward the surface of a
volcano and heats shallow ground water. The hot
water rises under pressure through cracks and, on
nearing the surface, vaporizes and vents explosively.

By mid-May 1915, more than 180 steam explo-

sions had blasted out a 1.000-foot-wide crater near
the summit of Lassen Peak. Then the character of
the eruption changed dramatically. On the evening
of May 14, 19135, incandescent blocks of lava could
be seen bouncing down the flanks of Lassen from as
far away as the town of Manton, 20 miles to the
== J west. By the next moming, a growing dome of

- - - dacite lava (Jlava containing 63 to 68% silica) had
The 1814-17 serias of explosive eruptions at Lassen Paak, Californiz, ware among the first volcanic welled up into the volcano’s crater and filled it.

sruptions to be extensively photographed, largely by Benjamin Franklin Loomis, & focal businessman and
amateur photographer. As shown in the left photograph, the northeastern flank of Lassen Peak was

coverad by mature conifer farest before 1914. The photograph on the right, taken by Loomis in June 1915 Events of May 13-20, 1915
from nearly the same location, shows the devastation caused by the twa most powerful eruptions in the Late on the evening of May 19, a large steam ex-
;_enesi.a those of May 18 andzs of ma;, year Thg;af;ge gcl;ﬂ in the foreground is a piece of the lava dome that plosion shattered the dacite dome, creating a new
Hed Lassen’s summit crater during the week ra the May 19 eruption and was carried to its presant : 5 Peak

location by the avalanche caused by this eruption. Today, this rock can be seen on the Devastated Area crater al the s"!mm“ .Ofd[:.me" Josi sz .
Intsrpretive Trail. The appearance of Lassen’s northeastarn flank was little changed for 50 years after the magma was ejected in this explosion, but glowing )
eruptions, while seediings struggled to regain a foothald, but today young vigorously growing trees are blocks of hot lava from the dome fell on the summit
obscunng the devastation and reclaiming the area as forest {Photographs courtesy of the National Park Service.) and snow-covered upper flanks of Lassen Peak.

U.S. Department of the Interior USGS Fact Shaet-173-98
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The May 1915 sruptions of Lassen
Peak destroyed a 3-squara-mile arsa,
now celled the Devastated Area, on the
flank of tha volcano. On tha avening of
May 19, a large steam explosion
shattared tha still-hot lava dome that
had filled Lassen’s summit crater during
the pravious week, blasting out & new
crater st the volcano’s summit and
croating an avalanche of hot fava blocks,
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- Avalanche and lahar
Lassen Peak lava dome

volcanic debris, and snow. As the snow

meltad, a huge mudfiow of volcanic matenals, called a lahar, was generatad. The lahar rushed 7 mites down Lost Creek,
whare it released huge volumes of watar, flooding lower Hat Creek Valley. The avalanche, lahars, and floods produced by |

this explosion uprooted and carried away 100-foot-tall trees with ease and destroyed six ranch houses.

During the night of May 19-20, new lava walied up into and filled the crater created by the steam expiosion. On May 22, Lassen |
Pesk exploded again in a powerful cmactic eruption that blasted rock fragments and pumice high into the air, creating the larger
and desper of the two craters seen nesr the summit of the voicano today and generating a column of volcanic ash and gas. A high-
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. < lavadome

o, Crater

speed avalanche of hot ash, pumics, rock fragments, and gas, called a pyrociastic flow, swept down the side of the voicano. = e
Traes that were still standing after the May 19 eruption were biown down, with their trunks left lying on the ground pointing

away from tha volcano. The pyroclastic flow rapidly meited snow in its path, creating a Iahar that followed the path of the

Iahar 2 days earlier and rushed down Lost Creek to Did Station, releasing water that again floodsd lower Hat Creek Valley.

These falling blocks launched a half-mile-wide ava-
Janche of snow and volcanic rock that roared 4
miles down the volcano’s steep northeast flank and
over a low ridge at Emigrant Pass into Hat Creek.

As the hot lava blocks broke into smaller
fragments, the snow melted, generating a mud-
flow of volcanic materials, called a lahar. The
bulk of this lahar was deflected northwestward at
Emigrant Pass and flowed 7 miles down Lost
Creek. Even after coming to rest, both the ava-
lanche and lahar released huge volumes of water,
flooding lower Hat Creek Valley during the early
moming hours of May 20. The lahar and flood
destroyed six mostly not-yet-occupied summer
ranch houses. Fortunately, the few people in these
houses escaped with only minor injuries.

Also during the night of May 19-20, dacite
tava somewhat more fluid than that erupted dur-
ing the previous week welled up into and filled
the new crater at Lassen’s summit, spilled over
low spots on its rim, and flowed |,000 feet down
the steep west and northeast flanks of the volcano.

Climactic Eruption of May 22, 1915

Late on the aftemoon of May 22, afier two quiet
days, Lassen Peak exploded in a powerful eruption
that blasted rock fragments and pumice high into the
air, creating the larger and deeper of the two craters
seen near the summiit of the volcano today. A huge
column of volcanic ash and gas rose more than

@ Printed on recyeled paper

30,000 feet into the air and was visible from as far
away as Eureka, 150 miles to the west.

Pumice falling onto the northeastem slope of
Lassen Peak generated a high-speed avalanche of
hot ash, pumice, rock fragments, and gas, called a
pyroclastic flow, that swept down the side of the vol-
cano, devastating a 3-square-mile area. The pyro-
clastic flow rapidly incorporated and melted snow in
its path. The water from the melted snow trans-
formed the flow into a highly fluid lahar that fol-
lowed the path of the May 19-20 lahar and rushed
nearly 10 miles down Lost Creek to Old Station.
This new lahar released a large volume of water that
flooded lower Hat Creek Valley a second time.

The powerful climactic eruption of May 22
also swept away the northeast lobe of the lava
flow extruded 2 days earlier. The eruption pro-
duced smaller mudflows on alf flanks of Lassen
Peak, deposited a layer of pumice and volcanic
ash traceable for 25 miles to the northeast, and
rained fine ash at least as far away as Winnemuc-
ca, Nevada, 200 miles to the east.

Continuing Volcanic Activity and Future Eruptions
For several years after the May 22, 1915,
eruption, spring snowmelt percolating down into
Lassen Peak triggered steam explosions, indicat-

ing that rocks beneath the volcano's surface re-
mained hot. Particularly vigorous steam explo-
sions in May 1917 blasted out the second of the

two crters now seen near the volcano’s summit,
Steam venis could be found in the area of these
craters into the 1950"s but gradually waned and
are difficult 1o locate today. Lassen Peak sleeps
again, but active steam vents, hot springs, and
bubbling pools of hot mud are still found else-
where in Lassen Volcanic National Park. No one
can say when, but it is almost centain that the Lassen
arca will experience volcanic eruptions again.

Michael A. Clvnne, Robert L. Christiansen, Tracey J. Felger
Peter H. Stauffer. und James W. Hendlev 17
Graphic design by
Sara Boore and Susan Mayfield
Banner design by Bobbie Myers and Sara Boore

COOPERATING ORGANIZATIONS
Lassen Loomis Museum Assaciation
Natianal Park Service
LS. Forest Service

For more information contact;

Lassen Valcanic National Park
PO. Box 100, Mineral, CA 95063
(530) 595-4444
hitp://www nps.gov/tavo/
or
http.//volcanoes usgs.gov/

See also Living With Volcanic Risk in the Cascades
(USGS Fact Sheet 165-97), What are Voicano Hazards?
{USGS Fact Sheet 002-97), and Pictorial History of the
\ Lassen Volcano by Benjamin Franklin Loomis {1926, re-
| published by the Lassen Loomis Museum Association).
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act Sheels are a power-

ful way for USGS scien-
tists to rapidly communicate
the results of their work
directly to the public. These
concise official publications
can be particularly useful in
helping readers understand
and live with natural hazards.
Fact Sheets also increase
public awareness of the
USGS' role. Careful review
and edit are especially impor-
tant with Fact Sheets because
they often touch on sensitive

issues and must presenta

clear, unambiguous message
to the general public.

The mission of the U.S. Geological
Survey (USGS) is to provide the Nation
unbiased scientific information about our
restless and environmentally fragile
planet. The results of USGS work are
used by policymakers, privale industry,
and the general public. Because of their
technical nature, however, many USGS
publications do not convey a clear mes-
sage Lo the non-scientist.

Fact Sheets, an official publication
series of the USGS since 1994, are prov-
ing effective in fulfilling this important
part of our mission. For example, these
concise publications can be power{ul
tools for directly alerting the public to
natural hazards—enabling readers to bet-
ter prepare themselves and also allaying
unwarranted fears.

As with other USGS publication se-
ries, Fact Sheets must go through the of-
ficial approval process, including review,
editing, and Director’s approval. Because
they often touch on sensitive issues and
must present a clear, unambiguous mes-
sage to the public, a thorough process of
review and editing is especially impor-
tant for Fact Sheets.

Shest

11.5. Geologicn! Survey Facl

No matter how well written, a Fact Shaet will not convey ils message unless it is picked ug and read. In
publications intended for a general audience. the importance of color and formal cannol be overstated. An
attractively formatted. color Fact Sheet with a striking illustration on the first page is far more likely fo be
picked up and read by a member of the public than is a plainer looking black-and-white product. Colorful
fllustrations, an interesting format, and a bold, active litle help caplure the viewer's attention at a quick glance.

UniTED STATES GEOLOGICAL SURVEY

Essential Elements of a Good Fact Sheet

» Good science

+ Title (must be short, active, and non-technical)

» Briel abstract

* Attention-grabbing introduction (usually a story)
» Clear, concise message that readers can relate 10
= Well-explained benefit to society

* Point of contact for more information

* Eye-catching, effective graphics (color is a must)
» Format that identifics it as a USGS product

What Authors Need To Provide

* DRAFT TEXT (1,500-2,000 words for
a 2-page Fact Sheet)—Initially, authors
should not worry too much about length
or the use of technical terms; culling a
more detailed text and rewording it for
the general public is easier than filling
gaps in an incomplete text. Editors can
greatly assist authors by doing substan-
tial rewriting and can help craft an at-
tention-grabbing introduction.

* GRAPHIC MATERIAL—Illustrations
may include photographs (those show-
ing people actively working are particu-
larly good), small maps, technical dia-
grams, and sketches. Editors and
graphic artists can help produce easily

understood graphics from technical
illustrations or even from rough ideas
or sketches.

« CONSULTATION—Frequent consulta-
tion is required between authors, edi-
tors, and graphic artists. An effective
Fact Sheet is usually the product of ex-
tensive interaction and feedback,

About the Process

= REVISE! REVISE! REVISE!—Expect
the text, captions, and illustrations o
go through many successive versions,
houncing back and forth among editors,
authors, graphic artists, and reviewers.
Much of the writing, ediling, review-
ing, and “polishing” occurs concur-
rently. Captions often reach final form
last, after the graphics are completed.

« TEAMWORK—Every phrase in a Fact
Sheet must be carefully considered to
ensure that it can be clearly understood,
cannot be misread, and conveys no un-
intended meanings to the non-techni-
cal reader. Experience has shown that
the synergy of people working together
not only results in higher quality but
also saves time. For example, a team of
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two editors rewriting and “polishing” the
text of a Fact Sheet at the same computer
monitor has proved more time-effective than
a single editor working alone. Roundtable
discussions between the authors, editors, and
graphic artists are also very productive.

* REVIEW & TEST MARKETING—Differ-
ent eyes see different things, so you almost
cannot have too many people read and re-
view a Fact Sheet. For example, each of the
13 Fact Sheets in the series Reduecing Earth-
qutake Losses Throughout the United States
{produced in 1995 and 1996) was routinely
reviewed several times by 7 to 11 pecple,

including editors, graphic artists, authors, se-

ries coordinators, and the Publications Group
Chief. AH of them found some way to im-
prove each Fact Sheet. In addition, many of
the Fact Sheets were reviewed by non-sci-
entists outside the USGS (ofien family mem-
bers); the comments of these “test readers™
from the general public often also resulted
in significant improvements.

General Tips

» COLOR! COLOR! COLOR!—Black and
white just doesn’t do it. Tasteful and ef-
fective use of color makes it more likely
that the general public will pick up a pub-
lication and read it. Some black-and-
white images can be successfully incor-
porated, but color is the attractant.

* BANNER HEAD—A series banner head
above the Fact Sheet’s title is a good way to
tell the reader the general subject area being
discussed. Future related Fact Sheets can
then be placed in the same series. A simple
graphic symbol appropriate to the series sub-
ject may accompany the banner head and
title.

* "SPEAK PLAINLY"—Because Fact Sheets
intended for the public must be easily un-
derstood by a broad audience, text should
be written for a high-school (“National Geo-
eraphic ") reading level. Technical terms
should be used only if absolutely essential
to convey the meaning, and any technical
term used must be explained cleary.

* CONCISENESS—For a 2-page Fact Sheet,
the final abstract should be about 70 words
orless, and the final text (excluding captions)
about 1,000 words or less. To achieve the
required conciseness, eliminate anything that
is not necessary. As you read the informa-
tion contained in the text, ask yourself, “Will
the public really care about this?” If the an-
sweris “No,” either delete the particular item
or, if it is essential to the story, make it rel-
evant. Subheadings and bullet items are
rarely used (because they require extra space)
but may be appropriate for some topics, as
with this Fact Sheet.

* ABSTRACT & CAPTIONS—Because some

As shown by these e e
diagrams and the - L 0ps e
linal Fact Sheat | RO S Sy
illustration derived b ) e
from them, editors R s s
and graphic artists i g NSRS R
can produce altrac- e et
understood images

from highly technical o
material or even “ /2 Al
from rough Ideas or 3 i ﬂ;; o
skelches. | s

people will only read the abstract and cap-

Saismic records {upper dpht} obtained during the
1984 Margan Hill, Californla, earthquaka fed to an
improvement in the Uniform Building Code (a set of
standards usad in many states). The center of the
gym roof shook sideways three to four timas as much
as the edgas. The Code has since been revised to
reduce the fiaxibiity of such large-span roof systems
and thereby improve their seismic resistance.
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Creating an effective Fact Shest for the gensral
pubiic involves many revisions and much team-
work. Every aspect of a Fact Sheet must be
carefully considered to ensure that it will be
clearly undersiood by the non-scientist reader.
Roundtable discussions and bouncing successive
revisions among team members produces a syn-
ergy that not only resulls in higher quality but also
saves time.

tions and look at the illustrations, these ele-
ments should carry the essentials of the mes-
sage contained in the Fact Sheet. Captions
may therefore purposely repeat portions of
the text, sometimes verbatim.

« COOPERATORS—When appropriate, non-
USGS organizations and groups involved
in the work discussed in the Fact Sheet can
be listed under*‘Cooperating Organizations,”
usually following the names of authors and
graphic designers.

* POINT OF CONTACT—So that the inter-
ested reader can get more information on
the topic presented, a point of contact should
be given at the end of each Fact Sheet. In-
clude a telephone number, mailing address,
and e-mail and {or) website address. Because
people’s assignments change, it is best not
1o give a person’s name as the point of con-
tact. An 800 telephone number is best, and
the caller should be able to talk to someone
immediately or leave a message that will re-
ceive a prompt response. If appropriate, ref-
erence can be made to related Fact Sheets.

Fact Sheets created through the intensive
review and editing process outlined here are
already reaching a broad audience. Public de-
mand has been so high for these products that
most have been reprinted within months of
publication, even with initial printings of
10,000 copies each. By using effective prod-
ucts such as these Fact Sheets, USGS scien-
tists can bring the benefits of their work more
directly to the citizens of our Nation.

Peter H. Stauffer and James W. Hendley I
Graphic design by
Susan Mayfield and Sara Boore

For more information contact: ‘
Western Publications Group (415) 329-5038
U & Geological Survey, Mail Stop 951

345 Middlefield Road, Menlo Park, CA 94025
| URL.: http:/geadata.wr.usgs.gov/

U 8. Geologival Survey Fact Sheet-008.97
1997




U.S. GEOLOGICAL SURVEY and the NATIONAL PARK SERVICE—OUR VOLCANIC PUBLIC LANDS

How Old is “Cinder Cone”?—Solving a Mystery in

Lassen Volcanic National Park, California

C inder Cone in Lassen Vol-
canic National Park is a
700-foot-high volcanic cone. Its
age has been controversial
since the 1870's, when many
people thought it was only a few
decades old. Later, the cone and
associated lava flows were
thought to have formed about
A.D. 1700 or during a 300-year-
long series of eruptions ending
in 1851. However, recent studies
by U.S. Geological Survey
(USGS) scientists, working in
cooperation with the National
Park Service to better under-
stand volcano hazards in the
Lassen area, have firmly estab-
lished that Cinder Cone was
formed in eruptions about 1650.

After traveling through northern California
in the spring of 1851, two gold prospectors
reported seeing an erupting volcano that “threw
up fire to a terrible height.” They further
claimed that they walked 10 miles over rocks
so0 hot that their boots were entirely destroyed.
Their story is only one of several reports from
that time that were later assumed to describe an
eruption of “Cinder Cone,” a volcanic feature
located in what is now the northeast corner of
Lassen Volcanic National Park.

Cinder Cone is a 700-foot-high cone of
loose scoria. Scoria forms when blobs of gas-
charged lava are thrown into the air during an
eruption and cool in flight, falling as dark
volcanic rock containing cavities created by
trapped gas bubbles. The summit of Cinder
Cone has a crater with a double rim, probably
created by fluctuating eruptive activity late in
its formation. The cone also has several asso-
ciated blocky lava flows, and a related, wide-
spread ash deposit identifiable for § to 10
miles from the cone.

There are actually two scoria cones at Cinder
Cone—the remnants of a nearly completely

U.5 Department of the Interior
U.5. Geologica! Survay

This striking view to the southeast across the
summit of Cinder Cone shows the double-rimmed
crater at the top of the 700-foot-high volcanic cone
of loose scoria. The inset photo shows an asarial
view, looking fo the southwest, of the cone and its
surrounding lava flows and ash deposits. Many
people were misled by the youthful appearance of
thesa volcanic features into believing “eyewitness
accounts” of eruptions here during the 18505.

buried earlier cone can be seen on the larger
cone's south side. Much of the earlier cone was
probably destroyed by lava flows erupting from
its base, Blocks of red, cemented scoria within
the Painted Dunes lava flows (see geologic
map) are pieces of this carlier cone, which
were carried away by the flowing lava.

Beginnings of a Controversy

The eruptions and volcanic history of Cin-
der Cone have been an ongoing controversy
for more than a century, in part because of the
starkly beautiful contrast between the very
new looking, unvegetated cone and lava flows
and the surrounding mature forest. In the early
1870’s, H.W. Harkness, a medical doctor and
observant amateur scientist from San Fran-
cisco, visited and described the Cinder Cone
area (Harkness, 1875). He was impressed by
the apparent youthfulness of the volcanic
features, and described a number of lines of

evidence that he interpreted to mean that
Cinder Cone was only about 25 years old.

After presenting his findings at a meeting of
the California Academy of Sciences, Harkness
was contacted by Henry Chapman, an Acad-
emy member, who told him of hearing the
gold prospectors tell their story, He was also
contacted by several others who claimed to
have witnessed a volcanic eruption in the
Lassen area around 1851, including a Dr. O.M.
Wozencraft. Harkness thought that all these
tales of volcanic activity might be related to an
eruption of Cinder Cone.

The circumstances surrounding these re-
ports are somewhat obscure and inconsistent.
Several reports of “volcanic eruptions™ in the
Lassen area had appeared in northern Califor-
nia newspapers in the 1850s, but Harkness
wis probably unaware of them. In the earliest
of these, published in the August 21, 1850,
edition of the Daily Pacific News, a San Fran-
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cisco newspaper, an unnamed observer re-
ported seeing an erupting volcano with “burn-
ing lava still running down the sides.” In 1859,
the San Francisco Times printed an article in
which Dr. Wozencraft and & companion were
purported 1o have seen, from a position some-
where west of the Lassen area, flames in the
sky that they attributed to a volcanic eruption.
This article was widely reprinted and popular-
ized in other papers, but no specific date or
location was given for their sighting. The
Shasta Republican noted on several occasions
in April 1859 that “the Dr.’s imagination is far
more active than any volcano in our County or
State.” It was in Harkness' 1875 report that the
date of Wozencraft's observation is first men-
tioned to be the winter of 1850-51.

Early Geologic Studies

The first geologist to study Cinder Cone was
Joseph Diller (Diller, 1891, 1893), who was
among the first U.S. Geological Survey
(USGS) scientists to study volcanoes. Diller
made careful observations of Cinder Cone and
interviewed many Native Americans and Euro-
pean trappers and settlers who were in the
Lassen region in 1850. None of them could
recall witnessing any volcanic activity in the
area. Diller knew that an “emigrant road” (the
Nobles Trail), used by settlers coming to Cali-
fornia in the early 1850's, passes close to the
base of Cinder Cone. He spoke with several
people who had “crossed the trail™ in 1853,
They noted that a large, solitary willow bush
(Salix scounleriana) near the summit of Cinder
Cone was “as large then as now.” Today, more
than a century after Diller’s interviews, this
bush is still alive and little changed.

Because the “Scouler willow™ at the summit
of Cinder Cone was already mature in 1853,

The first geologist ta study Cinder Cone was Joseph
S. Diller, He made many careful observations and
correctly concluded in his 1831 report that “What-
ever may be the historical tastimony as to the time
of the eruption, the geologic evidence clearly
demonstratas that it must have occurrad long before
the beginning of the present century” {before 1600).

This extremaly young
looking lava fiow (Fantastic
Lava Bads flow 2; see
geolagic map) was the last
flow erupted at Cinder
Cone. Its unweathered,
rough surface misied early
visitors into beligving that it
had bean erupted no more
than a few decades before.

Diller concluded it was extremely unlikely
that an eruption could have occurred there in
the winter of 1850. He also noted that trees
rooted in volcanic ash erupted from the cone
were uabout 200 hundred years old and that the
oldest trees on related lava flows were about
150 years old. Diller believed he recognized
two eruptive sequences, which each produced
lava flows. However, he thought that only the
older eruption was explosive, creating Cinder
Cone and the ash deposits. In regard to the
explosive eruption, he concluded that “Wha-
ever may be the historical testimony as o the
time of the eruption, the geologic evidence
clearly demonstrates that it must have oc-
curred long before the beginning of the
present century” (before [800). Diller there-
fore speculated that the explosive eruption had
occurred between about A.D. 1675 and 1700
and that the younger, quiet eruption was “cer-
tainly” sometime before 1840,

In the mid-{930°s, USGS volcanologist
R.H. Finch attempted to improve on Diller's
work. On the basis of other studies done at

Cinder Cone, Finch thought (1) that there had
been at least five separate lava-flow events, as
suggested by crude, experimental magnetic
measurements (Jones, 1928); (2) that the
youngest lava flow was extruded in 1851,
accepting Harkness’ (1875) historical
“evidence™ and ignoring Diller’s interviews
and conclusions; and (3) that there had been at
least two distinct explosive eruptions of the
cone (Finch and Anderson, 1930). Using these
assumptions and tree-ring measurements,
Finch proposed a complex and detailed
eruptive chronology for Cinder Cone that
spanned nearly 300 years (Finch, 1937). From
measurements of the rings of one particular
tree, which showed two periods of slow
growth, he thought that the two explosive
eruptions occurred in A.D, 1567 and 1666. He
also concluded that the five lava flows were
extruded in 1567, 1666, 1720, 1785, and 1851,

New Geologic Studies

After Finch published his work in 1937, few
additional studies were done on volcano haz-
ards in the Lassen area, However, that changed
on May 18, 1980, when Mount 5t. Helens,
Washington, exploded in one of the most
devastating volcanic eruptions of the 20th
century. After the eruption, the USGS began
reeviluating the risks posed by other poten-
tinlly active volcanoes in the Cascade Range,
including those in Lassen Volcanic National
Park. Since that time, USGS scientists have
been working in cooperation with the National
Park Service to better understand volcano
hazards in the Lassen area. As part of this
work, the history of Cinder Cone has been
reexamined. Most of the features of Cinder
Cone have changed little since Harkness first
described them in the 1870's, but all of the
assumptions on which Finch based his conclu-
sions have now been shown to be incorrect.

Through new field and laboratory work and
by reinterpreting data from previous studies,
USGS scientists have shown that the entire
eruptive sequence at Cinder Cone represents
single continuous event. During this event, the
composition of the molten rock (magma)
feeding the eruption changed from basaltic
andesite to andesite and then back to basaltic
andesite, but with a higher titanium content,
Chemically, basaltic andesites are volcanic
rocks containing 53 1o 57% silica (Si0,), and
andesites are those containing 57 to 63%
silica. Though chemically distinct, the lava
flows and scorias at Cinder Cone are similar in
appearance. They are dark, fine-grained rocks,
containing a few visible crystals of the miner-
als olivine, plagioclase, and quartz.

The carlier erupted group of volcanic de-
posits at Cinder Cone, which are relatively
titanium-poor, consist of the older scoria cone,
the Old Bench flow, the two Painted Dunes
flows, and the lower part of the widespread
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ash layer. The later erupted, relatively tita-
nium-rich group consists of the large, younger
scoria cone, the upper part of the ash layer,
and the two Fantastic Lava Beds flows. Flow 2
of the Fantastic Lava Beds (see geologic map)
is the flow that everyone but Diller thought
had been erupted in 1851,

The ash on the Old Bench and Painted
Dunes lava flows is brightly oxidized because
it fell on the lava flows when they were still
hot. This oxidized ash belongs to the same
compositional group as the Fantastic Lava
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Cinder Cone and its related volcanic deposits as units a8
barren gray areas. The stark contrast with the
mature surrounding forest {red), which covers Cindar Cone crater

ofder rock units, can be clearly seen. The geologic
magp at right shows the various rock units that are
found in this area.

Beds flows, the last flows erupted at Cinder
Cone. All the volcanic materials at Cinder
Cone therefore represent a single eruptive
sequence that probably spanned no more than
a few months.

Another line of evidence for this conclusion
is the “paleomagnetic” record preserved in
Cinder Cone’s lava flows, As lava cools, the
local orientation of the Earth’s magnetic field
at that time is recorded in the rock as a “rema-
nent” magnetization. If the pattern of past
variations in the orientation of the Earth’s

Thickness of ash deposits in inchas;
dotted whera buried by lava flows
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magnetic field in a region is known, scientists
can compare a remanent magnetization to that
pattern and may be able to identify one or
meore time periods as short as a few decades in
which the flow could have cooled. Because
the orientation of the Earth’s magnetic field in
northern California during the 1850's is well
known and is different {from the remanent
magnetizations at Cinder Cone, the lava flows
there could not have been erupted in (850 or
1851. Also, there are no discernible differ-
ences in the magnetic orientation recorded by
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any of the Cinder Cone lava flows, and so the
flows had to be extruded during an interval of
less than 50 years.

Although paleomagnetic evidence can be
used to rele out the 1850’s as the age of Cin-
der Cone, it does not provide an actual age for
its eruption. By measuring levels of carbon-14
in samples of wood from trees killed by the
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TREES AND LAKES HELP SCIENTISTS DECIPHER THE GEOLOGIC HISTORY OF CINDER CONE

This trunk of a “quaking aspen,” a tree that
grows in wet ground near lakes or streams, was
toppled and partly buried by flow 1 of the Fan-
tastic Lava Beds. A wood sample from this tree
provided a radiocarbon age that helped U.S.
Geological Survey scientists confirm that the
eruption of Cinder Cone occurred between A.D.
1630 and 1670. Additional radiocarbon ages that
are consistent with this age were obtained from
drowned trees in Snag Lake (see geologic map).
This lake formed when the Painted Dunes lava
flows blocked Grassy Creek, a stream draining the
central platean of Lassen Volcanic National Park.

Water from Snag Lake seeps beneath the
Cinder Cone lava flows to supply Butte Lake,
2 miles to the north. Butte Lake is a remnant of
a larper lake that was partly filled by lava flows
during the eruption of Cinder Cone. A distinc-
tive type of sediment, called diatomite, found
along (he margins of the Fantastic Lava Beds
flows helps to indicate the former extent of that
larger lake, as does the quaking aspen, which
grew near the lake’s edge. The diatomite was

eruption of Cinder Cone, USGS scientists
obtained a “radiocarbon™ date for the eruption
of between A.D. 1630 and 1670. Such a date
is also consistent with the remanent magneti-
zation preserved in the lava flows.

The series of eruptions that produced the
volcanic deposits at Cinder Cone were com-
plex and are by no means completely under-
stood. However, the new studies done by
USGS scientists refute the purported accounts
of an eruption in the early 18507s and confirm
Diller’s (1891, 1893) interpretation that Cin-
der Cone erupted in the latter half of the 17th
century. They also suggest that the 1666 tree-
ring date proposed by Finch (1937) for his
“second” explosive eruption at Cinder Cone
might actually date the entire eruptive se-
quence.

This recent work of USGS scientists at
Cinder Cone, in cooperation with the NPS, is
helping to provide a better understanding of
volcano hazards in the Lassen Volcanic Na-
tional Park area. The work of these scientists
is only part of the USGS Volcano Hazards
Program’s ongoing efforts (o protect people’s
tives and property in all of the volcanic re-

Cinder Cone has a related, widespread ash deposit,
seen here being examined by a U.S. Geological
Survay scientist, which is identifiable for 8 to 10
miles from the cone. On the Oid Bench and Painted
Dunes lava flows, this ash is brightly oxidized
because it fell on the lava flows when they were
stifl hot. Bacause the oxidized ash has the same
composition as the fast lava flows erupted at Cinder
Cone {the Fantastic Lava Beds flows), Cinder Cona
must have formed in a single eruptive sequence
that probably spanned no more than a few months.

Lake diatom, magnified about 1,200 times
. { TrE——

created by the accumulation on the lake
bottom of diatoms, ricroscopic single-celled
plants whose skeletons are made of opaline
silica. When advancing lava flows entered
the lake, they squeezed up some of the
diatomite along their margins (see geologic
map). Diatoms can provide information on
the ages and environments of ancient fresh-
water and marine deposits.

gions of the United States, including the Pa-
cific Northwest, eastern California, Wyoming,
Alaska, and Hawaii.
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