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Geological Survey Takes Budget Hit 

The Minnesota Gcologkal Sul"\lcy is among the agencies facing a 
funding shortfall in Gov.Jesse Ventura's effort to cut back the 
University of Minnesota's budget. 

The Governor's budget proposal, sent to the Legisbtun: in late 
Janua~ provided Jen than half of the increase university officials 
sought jus1 to -stand nilJ• in the &ct of inflation in the coming two 

yean. For the Gcologi«i Su~ UM offici.ab sought a Sz7,ooo 
inoeuc - J percent - in funding for itemJ other than sabric:s. The 
MGS would also have shared in a J percent salary funding increase 
sysrcm wide. The Governor provided only a 1 percent salary 
incre25C and no additional non-salary funding for 1001-03. 

According to university and legislative budget analyns, the 
Governor's budgc1 propos.al de-emphasized education and other 
spending prognms to m2ke room for costs involved in his tu-over
haul plan. Hi1 proposal for the U of M won·1 even cover the 
increase in employee health insurance cosu, meaning it would 
require reductions in all areas of the university if cnac1cd. The 
Minnesota LcgislHure will spend the nCJrl three months worlcing 
onthestatebudgct,includingthebud&i=tfortheUofMandMGS. 

While the re seems to be bipartisan agreement on a new tax rebate 
andwidespreadsuppon for reducing the sa les tax rates, Ventura's 
othertax· reform proposalsarcencounteringdifficu!ty-not least 
because many lawmakers believe he shortchanged the U of M and 
other areas, including K - 11 schools, transportation and environ
mental protection. 

How that will work out is no1 yet dear. L..a~kers will receive a 
new forccas1 ofnatc revenucs from the Minncso1a Department of 
FinanccbytheendofFebrua~andthatforct251willbcuscdinsct
ting budget 1argcts. h is CJrpccted that 1he slowing economy will 
a.use 1he Finance Department to rcdue;c the sile of the predicted 
u.atc bud&et surplus from the SJ billion figure i11Sued l.ut 
November. 

-'IomSmakr. 



Announcements 

The speaker for one lecture and title 
for rwo lectures have changed 

11;\brch,1001 

•Madag:uc:ar Dinosaurs• 
Kristi Curry Rogers, 
Assistant Cuntor, 
Science Museum of Minnesota 

2April,1001 
"Relative Time: Sequencing Events in 
Earth's History and Fossils as 
Indicators of Age and Environment" 
Ray Rogen, PhD 
Geology Department, 
Mac:ilcstcrCo!lcge 

Nest Newsletter Deadline: 
MAY 1,2001 

Editor. 
~PMll 9P-li9-7'<>7 

~lnlil: kpeuHM...com 
Rcporte~ 

PRESIDENT'S PAGE 

The lecture series for this season, "Eanh Dynamics: Basic and 
Catastrophic" is proceeding weU, with good turnout. The lec
ture series next season may bring out even greater crowds with 
its title: "Forming and Finding Earth's Hidden Treasures". The 
field trips planned for this summer include the following: The 
long field trip this year is to eastern Utah and the four comers 
area, starting on Tuesday June 1:z and ending on Thursday; June 
24. Rick Uthe and Walt Blowers are leading the trip, and there 
will be two pre-trip meetings, important for those thin.king of 
going on the long field trip. For more details, see the Utah Field 
Trip anicle in this newslccter. Also planned is a two-day field 
trip to the Mankato area, and trips to both the Taylor's Falls area 
and River Falls, Wisconsin area. More detail will be provided 
on these shorter field trips in the next newsletter. 

I would like to thank Bruce Goctteman for his service to the 
Geological Society of Minnesota over the years, first as mem· 
bership chair, then treasurer, and finally vice-president. Bruce 
has chosen to resign his position as vice president and board 
member due to time constraints, a circumstance with which I 
sympathize. 

Thanks are also due to Mrs. Gunnard P. Cronk, who donated 
approximately one hundred agates to the GSM outreach pro
gram. These go into rock boxes that are then distributed to 
schools when outreach presentations are given. 

Nora and Don Mattsson have made an additional contribution 
to GSM, above that mentioned in the previous newsletter. 

Again, thank you all very much. -'lJiU 1(,p66ins1 

President 

Due 10 an unavoidable delay, Part Two of Doug 

Zbikowsky's article, Ma r kers Th r o u g h Time, along 

w ith the status of our holdings, and lhe marker con. 

struclion planned for next spring, will not be fea

tured in this cdi1ion of 1hc GSM News. We arc hope· 

ful that we will be able to publish the cont i nuation of 

this theme in the nexl Newsletter edition (May 2001). 

-Editor 



GEO;NDICATORS 
Gcoindicators are measures (magnitudes, frequencies, 
rates, and trends) or geological proccucs and phcnomemi 
occurring at or near the Eanh's surface and arc significant 
in undemanding cnvironmcnt31 change over periods of 100 

years or less. They do not apply to important canh process-
cs chat generally take pbce more slowly, such as diagcncsis, 
mecamorphism and deformation, and plate tectonic move
ments. Gcoindicuors can be used to monitor and assess 
changes in nuvial, coastal, desen, mountain and other ter
restrial areas. They can also be used through paleocnviron
mcntal research to unnvcl trends over the pa.st few cen
turies and longer, thereby providing important baselines 
against which human-induced and m1tural StfCS5CS can be 
better undemood. 

Gcoindicators describe processes and environmental para
meters that are capable of changing without human inter
ference, though human activities can accelerate, slow or 
divert natural changes. Humans are certainly an integral 
pan of nature and the environment, but it is essential to 
recognize that nature and the environment are ever chang
ing, whether or not people arc present. Gcoindicators focus 
on abiotic components of the landscape and the associated 
physical and chemical processes. However, biological and 
geological systems interact intimately in time and space, so 
th:it it is not possible to ignore living organisms. This is 
especially so when dealing with corals, deposits of organic 
origin such as peat and soil, the innuence of animals and 
pbnu on weathering. el"Oliion and deposition, or the role of 

microbioa which can pby a mediating role in groundw.ater 
chemistry and karst processes. 

Certain geoindicnors can be regarded as 'high-lcvcr or 
'integrative' (indicators that group rebtcd but independent 
measures.) Other geoindicators arc 'proxy' indicators that 
represent a myriad of other parameters on which they 
depend. Shoreline position is an cx:amplc of a geoindicator 
that can act as a proxy for local sea level, coastal nibsidcnce, 
or wave climate. Scismicity may be taken as a proxy for the 
release. of earth stresses. An cx:ample of a 'high-level' 
gcoindicator is froi:en ground activiq.: This groups many 
important soil and surface processes and changes in pcr
mafron areas, including frost heaving. thermokarst, and 
active layer thickness. 

Some geoindicat0rs have the capacity to record and store 
evidence of environmental changes. Examples include 
speleothem growth patterns (karsr activity), ice layers, sub
surface tempcruture regimes, lake sediment geochemistry, 
and corals. T hough their main value is as palcoclimatic 
archives, they have an important application to long-term 
monitoring of environments where it is not possible, for 
reasons of cost, personnel or remoteness, to install record
ing inuniments. Such gcoindicators provide 'autOilllltic 
recording stations' that c211 be invaluable as registers of 
contemporuy environmental change, for they function 
without human intervention. Such natural recording sta
tioru; can be sampled at intervals to dctennine how their 
cnvironmenrhaschanged. 

Pre -Trip Organizational Meetings for Summer Utah Field Trip 
There will be two pre-trip organizational meetings for this coming summer's two - week GSM fie ld 
trip to 1he eastern Co lorado Plateau country of Utah and Colo rado. Mee t ing II wi ll be held at 7 P.M. 
on Saturday, 17 March, 2001, at the home of Marlys and Alex Lowe. 2206 Caroline Lane, South Saint 
Paul, Minnuota. Meeting 12 w i ll be held at 7 P .M. on Satu rday, 12 May, 2001, at th e same location. 

Meeting tl wil l in clude nn introduc ti on to the field tr ip, trip logistics and organiza ti on, a slide pre
sentat ion, and distribution of 11 detailed li s t of s ugg ested motels and campg rounds, a long with select
ed state a nd c it y hi g hwa y maps. (A nomi nal $2 is requested for duplication of thi s lodging directo
ry.) Orders will be t11ken for those attendees who wish to purchase the more extensive field trip 
guidebook to be writt en by th e trip co-leade rs: guidebooks wil l be distributed at Meeting 12. The 
gu id ebook probably will cost somewhe re between $15 a nd $20. Also, one or two publications will be 
suggeued fo r field trippers to purc hase individually. I n addition, there will be a representative 
selection of other publica t ions which trip participants may peruse and order on their own. Those 
attending the meeting will be encouraged to discuss possible ca r-pooling for the 1rip, since the field 
trip is run using priva te automobiles. Besides individual cous of food, transponation. lodging or 
camping, and the guidebook, there are no 01he r costs for participating in the field trip for GSM 
members. (Non-members have a small addi t ional charge.) 

Meeting 12 will be devoted to distributing guidebooks previously ordered and answering any ques
tions par1icipants might ha,·e. (Note that Meeting 12 occurs about one month before the field trip 
itself, which is scheduled from Tuesday. 12 June, 2001, through Thursday. 21 June. 2001.) 

You do NOT have to attend either pre-trip meeting to participate in the field 1rip . If you cannot 
attend either meeting, but still wish lo go on the trip, please call either co- leader-Walt Blowers (651-
645-3553) or Rick Uthe (763-522-5029). 
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lbdon is a gas produced by the radioactive decay of the cle
ment radium. Radioactive decay is a natural, spontaneous 
process in which an a1om of one clement decays or breaks 
down to form another clement by losing atomic particles 
(protons, neutrons, or electrons). When solid radium 
decays to form radon gas, it loses two protons and i;wo neu
trons. These rwo protons and rwo neutrons arc called an 
alpha panicle, which is a type of radiation. lbdon itself also 
decays, losing an alpha paniclc and forming the clement 
polonium. 

Elements that arc naturally radioactive include uranium, 
thorium, carbon, and potassium, as well as radon and radi
um. Uranium is the first clement in a long series of decay 
that produces radium and radon. Uranium is referred to as 
the parent element, and radium and radon are called daugh
ters. Radium and radon also form daughter clements as they 
decay. 

The decay of each radioactive clement occurs at a very spe
cific rate. How fast an clement decays is measured in tcnm 
of 1hc clement "half-life~, or the amount of time for one 
half of a given amount of the clement to dcca)' Uranium has 
a half-life of 4.4 billion years, so a +4-billion-yca.r-old rock 
has only half of the uranium with which it started The half
lifc of r.adon is only 3.8 days. If a ja.r was filled with radon, in 
3.8 days only half of the radon would be lefc. But the newly 
made daughter produru of radon would also be in the jar, 
including polonium, bismuth, and lead Polonium is also 
radioactive - it is this clement, which is produced by radon 
in the air and in people's lungs, that can hun lung tissue and 
cause lung cancer. 

All rock$ contain some uranium, although most contain fust 
a small amount - between 1 and 3 pans per million (ppm) of 
uranium. In general, the uranium content of a soil will be 
about the same as the uranium content of the rock from 
whichthesoilwusdcrived. 

Some types of rocks have higher than average uranium con
tents. These include light-colored volcanic rocks, granites, 
dark shales, sedimentary rocks that contain phosphate, and 
metamorphic rocks derived from these rocks. These rocks 
and their soils may contain a.s much as 100 ppm uranium. 
Layers of these rocks underlie various pans of the United 
States. 

The higher the uranium level is in an area, the gmiter the 
chances are that houses in the area have high levels of 
indoor radon, But some houses in areas with lots of urani
um in the soil have low levels of indoor radon, and other 
houses on uranium-poor soils have high levels of indoor 
radon. Clearly; the amount of r.idon in a house is affected by 
factors in addition to the presence of uranium in the under
lying soil 
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Radon formation 

Justa.suraniumisprescntinallrocksandsoi~soarcradon 
and radium because they are daughter products formed by 
the radioactive decay of uranium. &.ch atom of radium 
decays by ejecting from its nucleus an alpha panide com~ 
posed of rwo ncuuons and rwo protons. As the alpha parti
cle is ejected, the newly formed radon atom recoils in the 
opposite direction, just as a high-powered rifle recoils when 
a bullet is fired. Alpha recoil is the most imponant factor 
affecting the release of radon from mineral grains 

The location of the radium atom in the mineral grain (how 
close it is to the surface of the grain) and the direction of 
the recoil of the radon atom (whether it is toward the sur
face or the interior of the grain) determine whether or not 
the newly formed radon atom enters the pore space 
between mineral grains. If a radium atom is deep within a 
big grain, then regardless of the direction of recoil, it will 
not free the radon from the grain, and the radon atom will 
remain embedded in the miner.i.l. Even when a radium atom 
is near the surface of a grain, the recoil wiU send the radon 
atom deeper into the mineral if the direction of recoil is 
toward the grain's core. However, the recoil of some radon 
uorns near the suifacc of a grain is directed toward the 
grain's surface. When this happens, the newly formed radon 
leaves the mineral and enters the pore space between the 
grainsorthefr.ictun:sin the rocks 

The recoil of the radon a1om is quite strong. Often newly 
formed radon atorns enter the pore space, cross all the way 
through the pore space, and become embedded in nearby 
mineral grains. If water is present in the pore space, howev
er, the moving radon atom slows very quickly and is more 
likely to nay in the pore space. 

For most soils, only 10 to so percent of the radon produced 
actually escapes from the mineral grains and enters the 
pores. 

Radon movement 

Because radon is a gas, it has much greater mobility than 
uranium and radium, which arc fixed in the solid matter in 
rocks and soils. Radon can more easily leave the rocks and 
soils by escaping into fractures and openings in rocks and 
into the pore spaces between grains of soil 

The case and efficiency wi1h which radon moves in the pore 
space or fracture effects how much radon enters a house. If 
radon is able to move easily in the pore space, then it can 
travel a grear disuncc before it decays, and it is more likely 
to collect in high concentrations inside a building. 

The method and speed of radon's movement through soils 
is controlled by 1he amount of w.iter present in the pore 
space (the soil moisture content), the percentage or pore 
space in the soil (the porosity), and the •interconnected-



of Radon 

ncu• of the pore spaces that determinC5 the soil's ability to 
transmit water and air (called soil permeability). 

Radon moves more rapidity through permeable soils, such 
as coarse und and gravel, than through impermeable soils, 
such as cbys. Fr.1.ctures in any soil or rock allow n1don to 
move more quickly; 

Radon in water moves slower than radon in air. The dis
tance that radon moves before most of it decays is Jess than 
1 inch in warcr-saruratcd rocks or soils, but it can be more 
1han 6 feet, and sometimes tens of feet, through dry rods 
or soils. Because water also tends to flow much more slow
ly through soil pores and rock fractures than docs air, radon 
travels shorter dis ranees in wet soils than in dry soils before 
it decays. 

For these reasons, homes in areas with drier, highly perme
able soils and bedrock, such a.s hill slopes, mouths and bot
toms of canyons, coarse glacial deposits, and fracrured or 
cavcmous bedrock, may have high levels of indoor radon. 
Even if the radon con1cn1 of the air in the soil or fracture is 
in the •norma.1• range, the perme:ibility of these areas per
mits radon-bearing air to move grea1er dis1anccs before it 
dccay5, and thus contnbutes to high indoor radon. 

Radon entry into buildings 

Radon moving through soil pore spaces and rock fractures . 
near the surface of the e:inh usually escapes into the atmos
phere. Where a house is present, however, soil air often 
flows toward its foundation for three reasons: (1) differ
ences in air pressure between the soil and the house, (2) the 
presence of openings in the house's foundation, and (J) 
increases in permeability around the basement (if one is 
present). 

In constructing a house with a basement, a hole is dug. foot
ings arc set, and coarse gravel is usually laid down as a base 
for the basement slab. Then, once the basement walls have 
been built, the gap between the basement walls and the 
ground outside is filled with material 1ha1 ofcen is more per
meable than the original ground. This filled gap is called a 
disturbed zone. 

Radon moves in10 the disturbed zone and the gravel bed 
undemcaih from the surrounding soil. The backfill ma1cri
al in the disturbed zone is commonly rocks and soil from 
the foundation site, which also generate and release radon. 
The amount of radon in the disturbed zone and gravel bed 
depends on the amount of uranium present in the rock at 
the site, the type and permeability of soil surrounding the 
disturbed zone and underneath the gravel bed, and the soirs 
moisture content. 

The air pressure in the ground around most hoUSC5 is often 
greater than the air pressure inside the house. Thus, air 
tends 10 move from the disturbed zone and gravel bed into 

the house through openings in the house's foundation. All 
house foundations have openings such as er.ids, utility 
entries, scams between foundation materials, and uncov
ered soil in crawl spaces and basements. 

Most houses draw less than one percent of their indoor air 
from the soil; the remainder comes from outdoor air, which 
is generally quite low in r.idon. Houses with low indoor air 
pressures, poorly scaled foundations, and sever.ii cncry 
points for soil air, however, may dr.iw as much as 10 percent 
of their indoor air from the soil. Even if the soil air has only 
modcr.itc levels of radon, levels inside the house may be 
very high. 

Radon in water 

Radon can also enter homes through their water systems. 
Water in rivers and reservoirs usually contains very little 
radon, because ir escapes into the air; so homes that rely on 
surface water usually do not have a r.idon problem from 
their water. In big cities, water processing in large munici
pal systems aerates the water, which allows radon to escape, 
and also delays the use of water until most of the remaining 
radon has decayed 

Geologic maps 

A geologic map shows the type of rocks and geologic struc
tures in a specific area. Because different types of rocks 
have different amounts of uranium, a geologic map can 
indicate to a geologist the general level of uranium or radi
um to be expected in the rocks and soils of the area Such 
maps arc cspccWly important in showing where rocks with 
high levels of uranium occur. 

Because radon that en ten buildings U5ually comes from the 
upper several feet of the canh's surface, knowing the radon 
levels of the near-surface (surficW) materials is important. 
Surficial geologic and engineering maps show and describe 
these surface materials for many parts o( the United States. 
These maps arc useful for understanding the physical prop
erties of the materials at the surface, like permeability, but 
arc generally not as useful for determining what the urani· 
um concentrations in the surface materials might be. 



NOTES OF AN ALCHEl'tUST 

By Lotto EUcley 

Crystals grow under fantastic pressures in the deep crevices and confines of 

the einh. They grow by fires, by Wllltcr trickling slowly in str=gc solutions 

fromthc'Wlllllsofcavcms. 

They form in cubes, rectangles, tetrahedrons, 

they may have their own peculiar axes and molecular ammgcmcnu 

but th~ like life, like men, 

arc twisted by 

the places into which they come. 

I have only to lift my hands to sec the acid scars of old encounters. 

Jn my brnin, as in the brains of all mankind, diswrtions riot 

and the serene quartz crystal of tomorrow is 

most often m:mcd by black ingredients caught blindly up, 

but still, no one knows surely why specific crystals meet in a specific order. 

Therefore we grnsp rwo things: 

dun rare ly rwo slightly different substances will grow 

even t0gcther but the one added ingredient will transfigure 

a colorless transparency to midnight blue or build the rubies' fire. 

Further, we know that if one grows a crystal 

it should lie under the spell of iu own fluid 

be kept in a cool cavern 

from any violence or intrusion from the dust. 

So we, our wise men in their wildernesses have sought to charm to similar translucence 

the doudy crystal of the mind. We must then understand 

that order strives against the unmitigated chaos lurking 

along the convulsive backbone of the world 

Sometimes I think that we in varying degrees arc grown 

like the wild crystal, now inert, now flashing red, 

but I within my surging molecules 

by n11turc ding to that deep sapphire blue that marks the mind of one 

long isolate 

who knows and docs reflect starred space and midnight, 

who conceives therefore that out of order and disorder 

pcrpctu:i.lly dashing and rcdashing 

come the worlds. 

Thus sC'ands my study from the vials and furnaces 

Ofunivctsalcanh. l lcavcithcre 

For Herndcitus if he comes :again 

In the rctuming.1 of the Gi:ant Y=. 



IN MEMORIAM 
Dr. Kerry Kclts, a researcher and professor in the University of Minnesota's department of geology and geophysics, died 

Thursday morning, Feb. 8, 1001 after an eight-year battle with Hodgkin's disease. Ke Its, who was 5 51 worked 10 years in 

the department helping make the University's Llnmological Research Center internationally recognized 

"Kerry can be considered the f-ather of a held, a new branch of geology called gcolimnology,• said Tom Johnson, director 

of the Large Lakes Observatory at the University of MinnesotaDuluth. ''He was full of enthusiasm and great ideas on 

how to advance the science." 

Kelts traveled around the world studying lakes in the Middle East, Africa, Europe and South America, analyzing the 

clues thei r sediments held He was probably one of the world's authorities on reconstructing environment and climate by 

studying lake sediments. 

Kelts was born in California and received a bachelor o f arts degree in geophysics from Univcrsi of California-Riverside. 

He earned his master's and PhD. from the Geological Instituce of the Swiss Federal Institute of Technology 

(ETH-Zurich). 

Kelts came to the University in 1990 interested in using techniques and methods from ocean study and applying them to 

W=. 

He helped design a floating drilling platfonn, allowing scientisrs to take deeper core samples from lake bottoms. 

How did Geology Get Started? 
Chas Brennecke 

Let's summarize what we know today about the beginnings of terrestrial geology. Of course, no one can rntc a video camera and go 
b:iick to recapture the actual series of events that fanned this planet. Bue the availability of advanced telescopes and long.base-line 
interferometers make it possible for us to look at other star systems and observe the stages they pas.s through. Naturally, each one 
is unique; but we can at least form a general idea of how it all got started. 

We began as a huge cloud made up principally of hydrogen ion~ various molecular combinations of carbon, hydrogen, oxygen, sul
fur and other trace minerals. Add to this brew Mdusr: tiny panides left over from the cJplosions of stars and the debris of colli
sions o f solid bodies; the ashes, if you will, o f previous star systems. These clouds, even though they arc a thousand times less dense 
than the finest vacuum we can create here on earth, are enormous--a typical cloud has 3 mass thousands of times greater that our 
entire solar system. Think of a cumulus cloud forming over a hot prairie on a summer day and you will have a pretty good approxi
mation of it's appearance. Imagine it being driven through the air by the wind, and shaped by the various thermals it crosses in its 
crave~ and 1hat will help you picture our interstellar cloud being driven by the outpouring of rad iation from nearby stars and 
shaped by the competing forces that interact with it. 

One of the most inOuential of these forces i5 the shock wave from exploding stars - novae and super-novae. Shock w.aves transmit 
large impulses of energy into the cloud; the right combination of injected energy, perturbations already existing in the cloud, and 
clots of diffe rent densities in the cloud may get a vortex started. Take a pan of boiling water on your kitchen range, with the t iny 
bubbles just beginning to fonn on the bottom and find their w.ay to the surf.lee. Add energy to it the system by stirring it with a 
spoon, and sec how quickly the little cha.ins of bubbles fonn vortices. 

'The von:cx forms a concentra1ion of mass and rotational energy, and this concentration attracts other masses - more clumps of 
cloudlets. Typically, the in-falling material adds angular momentum and the cloud begins to rotate about the Larges1 concentration 
of mas.s. Since most star system5 are multiples (few are single scan, like the sull) there may be two or more mass concentrations. 

There's a lot more! But wsc'll get to that late~ 



ILSG 2001 ANNUAI...MEETING 

The 471h Annutl lnJtitutc on Lake Superior Geology will be held on Thursda) May 10 and 
Frid•y May 11, 2001 at the Sheraton Madison Hotel, Madison. WI. This lWO·day ltchnical ses
sion (f.hy 10 and 11) will be sandw iched bc1wccn Pre -(MI) 9) and Po1t ·mcc1ing (May 12) Field 
trips. 

The I nstitute on Lake Superior Geology was founded in 1955 MIO provide a means whereby 
gcologisu in lhc Grell Lakes region may exchange ideas and scientific dua: 10 promote bcucr 
understanding of the geology of the Lake Superior region, and to plan ud conduct geological 
field tripsM. Since the founding of the organizuion, interests of researchers in the region 
have evolved from Precambrian geology and mineral dcposlu to include Paleozoic and 
Plei stoce ne geo logy and environmental geochemistry. The 47th Annual Meeting will focus on 
hydrogeologic aspects of trace elements in groundwater, notably a rsenic: completion of 
acquisition of detailed regional geophys ical data: and 1h e nnture and occurrence of unique 
geologic units ln the resion. noiably the Baraboo Quaniite and related units. Other topics of 
ln1e res1 10 th e regional geo logy will also be covered. Any Interested parties, geo loglst or not, 
may anend the lcchn!co l sess io ns, field trips, or both. 

For additional informot lon visit <http://www.ilsgcology.org/20 01mtg.html> 
or send Inquires to: 
47th Annual In s titute on J.ake Superior Geology 
c/o Wisconsin Geo logical and Natural History Sun•ey 
3817 Mlncrnl Point Road 
Madison. WI 53705 

cJo Katy Paul 
6901 West 84th Street 
Bloomington MN 55438 

10/1101 
Sieve ERICKSON 

9393 Tumberry Alcove 
Woodbury, MN 55125 

FIRST CLASS MAIL 
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