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Synopsis: Utah Field T rip 2001 

ByMflrjG1111gl 

WOW!! (not a geological term.) What a trip il was, 
thanks to our leaders, Rick Uthe and Walt Blowers. Eas1cm 
Utah on the Colorado Plateau is unique. The desert tends to 
"grow" on you. A dcscripiivc tcnn like "scenic" is an under· 
statement. On any given day, there were about 28 trekkers. 
The thought crossed my mind that this trip could have been 
sponsored by Kodak, as cameras wen: clicking continuously. 
On the first two days we were arowid 1he Vernal, Utah area. 
One could easily sec the south side of the tall, snowcapped 
Uinta Mountain Range, uplifted from the Colorado Plateau 
which moved northeast during the Laramidc Orogcny. 
Driving through n series offlnt floodp!nin terraces, we 
arrivcdatthcSp!it MountuinurcuwhcrcthcGrccnRivcr 
cuts through the split. Aller waving 111 a group of railers, we 
had an excellent view of the lolly Weber Sandstone Form­
ation across the river. 

Looking in the opposite direction, was our "old" 
favorite, the red Mocnkopi Formation, among others. Our 
cntiretripincludcdmanyfcatul"C$ such as anticlines, syn­
clines, monoclines, etc. In short order, wc viewed alt the 
colorful formations in the Mesozoic Era Some were viewed 
from our open air shuttle bus ride UP 10 the Dinosaur quany, 
wbtrc the Morrison Formation (purple, grey, green and 
various shades thcrroO of shales ind iiltstoncs, bolds the 
Dinosaurs' fossilized skr:letonJ. 

On Day two, as we passed Blue Mountain, a huge 
anticline, we headed into rock formations of the Cretaceous 
Period. On a beautiful drive with stops along the way, we 
headed up to Harper's Comer. Al about 8000 ft. elevation at 
the end of the road, we looked down and got a glimpse of the 
Green and Yampa rivers joining. This was such an interesting 
day. I cannot write about all the great things we observed. It 
would take many page~. Find someone who has a field trip 
guide and have that pt™>n copy pages 25 through 34, then 
read all about it, including Plug Hm Butte. The third day was 
a lovely drive from Vcrrml, 10 Price. Our al timeter registered 
9000 fl. elevation atone point, in the pines . 

Day 4: Off we went to to the San Rafael Swell area. 
We were treated with n view of the Coconino Fonnation 
while standing on the Kaibab, which was formed about 260 
million years ago in the Permian Period. From here wc 
looked "up the ladder'' into rocks of the Triassic Period. At 
this point, we were at the western edge of the Colorado 
Plateau. On through San Rafael Canyon, driving in a linear 
valley, called Joe's Valley, we came to a Turquoise colored 
reservoir. Here we had a "test" which led to much discus­
sion. We reviewed four options as to the piracy of Cotton­
wood Creek. I think wc all nunked, as there doesn't seem to 
be a known answer. I was satisfied in my own mind that it is 
a "Niagara Falls" syndrome. co,.ti,.11ttfl o,. pagtt 7 
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News from the Board ... 

Three of the four field trips scheduled for this summer 
will have a lready occurred by the time you read this. I 
would like to thank Rick Uthe and Walt Blowers for their 
very successful field trip to eastern Utah, the northern 
Colorado plateau, and the huge amount of effort that 
entailed. I would a lso like to thank Gail Marshan, 
Margaret Rodina and Rosie O'Donovan for their 
extensive work on the three short field trips. 

Call Tom Schoenecker at 952-474-4600 to volunteer for 
staffing the Geological Society of Minnesota (GSM) 
booth in the education building at the state fa ir. He 
wishes to fill 72 stints, each 4 hours long. from Aug 23 
through Sept 3. You do not need expertise in geology to 
do this. You simply refer fair visi to rs 10 our lecrure 
season, where they can hear the experts. 

GSM needs a new video library chair and possibly a new 
video library procedure. This procedure might use 
phoning and compu1ers to allow selection of the specific 
tapes to bring to the lecrurc_ If interested in volunteering 
in this capacity or d iscussi ng the library procedure, please 
call me. 

Three spots need to be fi lled on the GSM board of 
directOrs. If you have an interest in becoming involved or 
in serving on the nominations committee, please call 
Sylvia Huppler, 65 1-483-4796, chair of the nominating 
committee. 

Doug Zbikowski has guided another very successful 
outreach program this last !t:hool year. I commend Doug 
on his design and implementation of this program, wh ich 
bas now been taken to three other states by people who 
taught it here in Minnesota. I also thank him for all bis 
work with this program. 

The Budget Committee has completed its work for the 
year. Marlys Lowe chaired the comminee, and Steve 
Erickson and Gail Marshall served on the committee. 
I would like to thank them for this effort. 

If you would like to bring cookies to any one lecture 
during the lec1ure season, please call me. 

- Bill Robbins, President 
651-733 -9894 



THE DENHAM FORMATION-AN UNUSUAL ASSEMBLAGE 
OF VOLCANIC AND SEDIMENTARY ROC KS 

Terrence}. Boerboom, Minnesota Geological Survey 

The Dcnhnm Fonnation is the name assigned to a unique package of metamorphosed sedimentary and volcanic 
rocks that outcrop in northwest cm Pine County, southeast of the town of Denham (Fig. l, next page). In general, the 
glacial cover is quite thin in this area, and bedrock outcrops are fairly abundant, although scattered, The outcrops that 
define the Denham Formation arc found in and near a small valley formed by glacial meltwatcr. This valley trends north­
south, and cuts perpendicular to the strike of bedding in the Denham Fonnation, thus providing a good cross-section of the 
stratigraphy of the fonnation. The Denham Formation is Palcoproterozoic in age, or about 2 billion years old. It lies in 
deposi tional unconfom1ity on top of the McGrath Gneiss, which is a metamorphosed porphyritic granite ofNeoarchean 
age. The McGrath Gneiss has recentl y been dated at 2.55 billion years old (Van Schmus and others, 200 1), which is when 
the rock originally cooled from a molten magma. Both the Denham Fonnation and the McGrath Gneiss were defonned 
and metamorphosed during the Pcnokean orogeny, a major collisional event that occurred about 1.8 billion years ago. 

The Denham Fonnation contains an unusual assemblage of interbcdded rock types that originally consisted of 
shale, sillstone, arkosic sandstone, conglomerate, dolomite, and pillowed to fragmcntal bll58\tic volcanic rocks. However, 
these rocks have been metamorphosed to the amphibolite grade as a result of crustal collision during the Penokean 
orogeny. The rocks that sUU'lcd out as fine.grained sediments, such as shale and siltstone, have retained the fewest 
primary bedding featurcs and arc now completely recrystallized into coarse·grained staurolite-garnet·muscovite schist and 
muscovite·biotite schist, respectively. Also, the beds of dolomite arc completely recrystallized 10 tan or gray marble and 
retain no primary depositional features found elsewhere in similar rocks of this age, such as algal slromato\iles. The 
primary sand grains in the arkosic rocks arc well preserved because the rock contains a high proportion of dolomite in the 
matrix, which absorbed most of the strain associated with defonnation. 

The first of two defonnation events that affected these rocks was synchronous with metamorphism. II prod~ced 
an early foliation that typically is parallel to bedding, and a locally strong, shallowly plunging, lincation. The second 
deformation event folded both the early foliation and bedding along steeply dipping axial fold surfaces. In the Denham 
valley, the stratigraphic sequence dips variably to the north, except for local overturned south-dipping limbs on second 
generation folds. Both defonnation events are the result of crustal compression associated with the Pcnokcan orogcny. 

Despite defommtion and metamorphism, many primary deposi tional features can still be recognized in the rocks, 
and the stratigraphy of the Denham Fonnation fonns a coherent package that is shown schematically on Figures I and 2. 
The basa l beds of the Dcnhcun Formation consist of siltstone that is locally intcrbcdded with cross·stratificd pebble 
conglomerate. This is overlain by coarse·graincd and locally conglomeratic arkosc that apparently pinches out laterally. 
The arkosc is intcrbcdded with amygdaloidal basalt flows that grade stratigraphically upward (northward) from massive, 
to pillowed, to fragmcntal. The volcanic rocks arc thickest at the ea stem limit or outcrop, where ac least four flows of 
nearly 1,000 fee t total thickness were recognized; the rocks thin westward to two flows of 300 feet total thickness. This 
distribution implies that the eastern exposures arc nearest to the vent from which these volcanic flows emanated; however, 
there were likely several other t-ruptive centers located along this same horizon to the west. The volcanic rocks, in 
panicular, have retained primary features such as pillows, amygdules, and fragmental textures in rocks erupted during 
explosive underwater volcanism The overlying arkosic and pc Ii tic strata (shale) apparently pinch out to the cast where 
the volcanic package thickens, and arc not present in drill holes to the north and east or the Denham valley. The nonhem­
most outcrops in the valley consist of very pure dolomitic marl> le in which there arc tightly folded qwuu. veins. Drill 
cores show that the marble unit is at least 500 feet thick, and is overlain by graywacke that is exposed discontinuously to 
the nonh for some distance. Drill cores indicate that the contact between marble and overlying graywacke is fairly sharp, 
and marked by a thin layer of graphitie schist. 



Canrl111mlfroMfH'geJ 

Field and petrographic observations imply that elastic dc1ri1us (sand, sill, and clay) in the 
Denham Formation was derived mostly from a wea1hering residuum developed on lhe underlying 
McGra1h Gneiss. Near the contact with lhe base or1he Denham Formalion, the McGrath Gneiss 
grades abruptly from grani1c gneiss containing quartz, orthoc:\asc, plagioclase, and biotile, to strongly 
foliated, quartz· and scricite-rich schist that contains orthoc:lasc, but no plagioclase. The arkosic parts 
or the Denham Formation similarly lack plagioc:lase and are composed of quartz and orthoclasc grains, 
together with scattered cobbles of granitic gneiss. 

Studies or weathered zones developed on Precambrian granitic rocks in southwestern 
Minnesota beneath Cretaceous sedimentary rocks may provide an analog (Scttcrholm and others, 
1989). These studies demonstrate that plagioclasc is one of the first minerals to alter to kaolinitic clay 
during the weathering process, and that orthoclasc and quartz arc the most resistant to weathering. 
The basal Cretaceous strata locally consist of reworked saprolite that includes beds of cross-stratified 
sundstone and nearly pure kaolinitie shale. Exposures of basal Cretaceous sediments locally contain 

DinDon and plunge of metamorphic llneation 
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Figure I . Location map (inset) and geologic map of the Denham 
Formation and adjacent parts of the McGrath Gneiss. 



STRATIGRAPHIC COLUMN, 
DENHAM TYPE LOCALITY 
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Figure l. &:hematic stratigraphic sectioo 
of the Denham Formation. 
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coarse grains of orthoc1asc and quartz derived by slight 
reworking of grus-tciuurcd, weathered granite. The same 
process may have occu1TCd in Palcoprotcrozoic time as 
clay and grus were eroded from the weathered McGrath 
Gneiss and reworked into beds of arkosic sandstone and 
kaolinitic shale. These sediments were subsequently 
metamorphosed to quartz- and onhoclase-bcaring arkosc 
and staurolitc-gamct-scricitc schist, respectively, and the 
weathered residuum on top of the McGrath Gneiss was 
metamorphosed to produce the muscovite-rich schist we 
sec today. 

The Denham Fonnation is interpreted to represent 
an assemblage deposited 011 a developing rift-margin 
during Palcoprotcrozoic time. In this setting, the McGrath 
Gneiss was part of the continental margin that was 
weathered and eroded to provide detritus to an evolving 
rift basin undergoing simultaneous active, shallow water 
volcanism. The lower portion or the Denham Formation, 
including the siltstone, pillowed basalls, and arlcosc, was 
probably deposited into a shallow marine environment 
lnterbedded arlcose and dolomite higher in the strati­
graphic sec1ion represent rapid subsidence or the conti­
nental shelf and deepening water, possibly within 
localized fault-bounded grabcns. The lack of arkose in the 
thick dolomite at the upper pan of the sequence indicates 
tha1 deposi1ion of coarse detritus was restricted 10 the 
shallow, nearshorc environment adjacent to the McGrath 
Gneiss. The abrupt upward change in sediment composi­
tion from dolomite to graywacke indicates rapid 
deepening of water and associated turbidi te deposition. 
Most of the observed dcformution of the Denham Fomta­
tion is inferred to be the product of basin c losure during 
the Pcnokcan o rogeny aboul l .8 billion years ago. • 

Setterholm, D.R., Morey, G.B .• Boerboom, T J., and Lamons, R.C., 1989, Minnesota kaolin clay deposi!s: A subsurfac.c 
study in selcclCd areas of southwestern and em-«ntral Minnesota: Minnesota Geological Survey Information Circulai 
27, 99p. 

Van Schmus. W.R., MacNeill, LC., Holm, D.K., and Bocrt>oom, T J ., 200 1, New UPb ages from Minnesota, Michigan. 
and Wisconsin: Implications fer Late Palcopro1erowic crus1al siabiliution (abs.]: Institute on Lake Superior Geology 
4'76 Annual Meeting. Madison, Wis., Programaod Abstracts, v. 47, pt. I, p. 100101 . 



How Did Geology Get Star ted? - Part UI 

Chas Br~nnttk~ 

Back in May we left the Earth in pretty shabby shape for a future home of the human 
race. I promised you that it would get worse, and here it is. 

Another planet ·this one about the size of Man; • was somehow nudged out of its regular 
orbit around the sun. Perhaps its orbit was chaotic, as Mercury's orbit is today, and some tiny 
innuence or other bumped it into the path of the Eanh. Now this is an asteroid impact to end all 
impacts: two full Si7.ed iron-cored planets in full collision. As a resuh, both planets were 
completely destroyed. No halfmeasures - both mantles shattered and both crusts completely 
blown away by the impact, reduced to random rocks of various sizes. 

There's only one comfon fo r the future. As a result of the "conservation of mass" there's 
no plucc for all this junk lo go, except to refonn a completely new composite planet around the 
center of moss. No doubt the two iron cores . being the most mussive pieces of the loose ends 
Oying around ·settled down first, and the effect of their combined grnvity helped assemble the 
lighter stuff into a new mantle. No one knows how long this re-assembly lasted. Experts' guesses 
range from 11 few days to several centuries, and tbe general consensus is that it's too bad there 
wasn't a video camera recording the whole she-bang. 

But wait! We're not through yet - remember that we haven't given the conservation of 
momentum time enough to work yet. Such a massive collision added several orders of magnitude 
to the total momentum of the system (that is, the combined mass of the two planets). The new 
planet can't just cat all this extra energy, so it has to find a way to use it. As the smashed up 
rocks fall down 10 fonn the new mantle and crust, they find themselves moving much faster in 
their orbits than ever before; little by little the newly-forming Eanh rotates faster. Finally, instead 
of rotating once for every orbit around the sun, it now rotates almost 400 times - that soaks up 
plenty ofmomentum.. 

Some of the lighter rocks in the outer portion of the debris cloud actually pick up enough 
momcmum to permit them to set up a consolidated orbit around the new planet, and (more or 
less) suddenly the new planet has a satellite that requires about 10% of the momentum. 
But the most remarkable thing about the changing planetary circumstances is this: as the new 
Eanh fonns and begins to rotate, it suddenly remembers that as a rotating mass it can't bcllave the 
way non.rotating masses do! Nonnally, you would CXJ>C1;:1 a large mass, impacted by another 
high-speed mass, to tilt away from the impact. But at the same time this is happening, the New 
Earth is beginning to rotate at an increasing rate, and the old rules no longer apply. Instead of the 
axis of spin responding to the axis of the torque, it responds by moving Ht a right angle to both the 
ax is of spin and axis of torque - physicists call this "precession." Why docs it do this? I don' t 
know. 

In the case of the New Earth, the axis of spin final ly settles down 23 degrees off the 
vertical. This means that the new planet will not only have days and nights in regular progression, 
but will also have seasons as it lopes around the Sun on its annual trip. And a new moon thrown 
in to boot! What a deal! 

But we 're still not through. Remember those two iron cores that came together to form 
the New Earth's consolidated iron core? Keep in mind that the tcnn "iron" is a shortcut. 
Although iron is by all measures the largest component of the cores, the term also includes every 
other metal that is heavier than iron. It would surely be a remarkable coincidence if both these 
.. iron" cores had exactly the same composition. This means that core today is subject 10 the same 
mixing and churning processes that the original was - with the added angular momenrum thrown 
in, and the additional possibility that the two original cores had different magnetic signatures. 
Hm! I wonder iftunnoil in the core could be responsible for the dramatic shifts in the New 
Earth's magnetic field down through the latest 3 billion years? What will the future bring? 



Utah Fitld Trip, continutdfrom pagt I 

Day 5 was a study of the Mid-Cretaceous Seaway. lncidcmally, ils eastern shoreline runs about 
north and south through the middle of Minnesota. Several coal scams were visible in the area or Price. 

Day 6 involved a trip up the Colorado National Monument lo view some ancestral Rockies near Grand 
Junction, Colorado. From there. we drove along the Colorado River to Moab, Ulah. Herc we learned about the 
Paradox Salt Basin. This basin was formed southwestofthe Uncompahgrc uplift which we viewed in western 
Colorado, one or the larger grabeos of the ancestral Rockies (320 Kilomctcrs-200 miles- long). The average 
thickness or cvaporitc minerals in it is 4500 feet. Day 7 was spent viewing Salt anticlines and Canyonlands 
National Park. One spectacular view was at the Green River overlook.. Day 8 we learned how the arches and 
fins were fanned in Arches National Park. They are very complex and beautiful. 

On Day 9, our first stop was at an cnonnous salmon-red Sandstone wall or the Comb Ridge. The 
whitish outer Comb Ridge, mostly Navajo Sandstone, looked like it could be Paul Bunyan's comb (that is ifhc 
ever combed his hair). From here we ventured on to Natural Bridges National Monument. We saw mature 
and younger bridges fanned by the White River. At Owachomo Bridge, we could sec the narrow span of 
about 9 feet in thickness. rt is 180 feet wide but only 106 feet high. Its demise is inevitable. From here we 
drove "doowwwn" (Rick's word) a short distance, a drop of about 1100 fl., through a series orswitchbaeks. It 
was brcathtaking ... then on to Bluff, Utah. Day 10 was a half day study oftlu~ Monument upwarp and laking 
in the scenery of the monoliths and sand dunes in colorful Monument Valley. Then we headed back to MN. 

This is an oversimplification of our trip. For those of you that did not go on the trip, plan ahead so 
you can go on the next one in two or three years (we hope). Then you can get the foll explanation or what tbe 
rocks arc made of, how old they arc, and how they got there. Sec you then! - Marj Gangl 

Re.mindu ... your GSM membership expires September 30111. With your suppon, GSM can continue 10 

offer a fine lecture program. provide area schools with an invaluable resource through the Outreach 
Program, and introduce you to the pool of talented professionals in the field of geology. Fill in the form 
below, and mail it with your check, to Gail Marshall, Membership Chair. 

Geological Society of Minnesota 
cJo Gail l\la rshall ,Membershlp 

12232 AllenDrive 
Burnsville, MN 55337 

Membership Renewal - October 1, 2001 to September 30, 2002 

$10 Student $20 Individual $30 Family 

$50 Sus1aining C S\00 Supporting S250t Guarantor 

ADDRESS'----------------------

PHONEL___), _______ E-Mail ___________ _ 



A few weeks iJf10 a friend of mine made an auto tour of the western Montana and central Idaho area, 
where he had served in the Navy over fifty years iJ90. Since he was covering essentiill/y the same ground 
that we covered in our 1996 liekl trip, I gave him my cvpy of the toor guide and suggested he died< out 
the Missould Floods. To make a long shxy short, he was delighted with the suggestion; although he didnt 
cover the ilf&'J as thoroughly as we did, he has a perceptive eye and enjoyed having a professional insight 
into the area. In retum, he brought back a book,, which he bought at one of the Interpretive centers along 
the way, desoibing the Missoula Floods in great detail. 

CATACLYSMS ON THE COLUM BIA 
John E. Allen and Marjorie Bums, with Sam Sargent 

Timber Press, Ponland, Oregon 
J94pagcs,Appcndiccs, lndcx-$14.95 

The book covers the entire Columbia River basin, from Missoulia to Astoria, and deals with many more sites of 
interest than we could possibly have covered. However, it docs not have the detail that Dick Uthc's tour guide has, 
and it hicks his lively style. The language is pedestrian at best, and lms an unfortunate tendency to foll into a rather 
stifTpnttcrn of using the same descriptive tcnns to describe geological fea tu res. lt hus muny aerial photos illustrating 
the effec ts of !he floods, but I would love to get into them with a few lnbcls und urrows to show which features arc 
which and how t!u.: dynamics worked to get the results demonstrated. 

Nevertheless, it 's a book 1 should like to have in my geology collection and I'm going to write off to sec what kind of 
n deal I can get. Their cover price is S\ 4.95 - perhaps if there arc !en members who would like to have a copy we can 
get them down to a flat SIO. If you're interested, let me know and we'll sec how they respond! 

Cheers!·· Chas Brennecke (651) 222-6985 

CJO Katy Paul 
6901 West 84th Street 
Bloomington MN 55438 

10/1/01 
Sieve ERICKSON 
9393 Tumberry Alcove 
Woodbury, MN 55125 

FIRST CLASS l\W:L 
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