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John Toller 1935 - 2014

John Toller, a leading light of WEGA, died recently and his 
funeral was held at Westerleigh Crematorium on Friday 
the 14th November.

John had held virtually every post on WEGA’s commit-
tee - he resigned from being Field Secretary only a few weeks 
before he died. 

As secretary he organised WEGA’s 21st birthday cele-
brations in 1996. This involved a huge amount of work, arrang-
ing speakers, displays, a venue and a multitude of details, large 
and small. This was typical of the man - he was always doing 
something and this was always for the community, never for 
himself.

Many other organizations benefited from his enthusi-
asm for learning and social service. He was never luke-warm, 
he was always committed.

Our thoughts are with Lorna and their daughters.

Diary Dates
Lectures

13 January 2015  Lecture 
by Dr. James Hammond, 
(Imperial College):  Science 
without Borders: Unravelling 
the Mysteries of Mt. Paektu 
Volcano, North Korea. 

10 February 2015  Three 
Graduate Students from 
Bristol University:  Topics to 
be decided later.

10 March 2015:  Dr. An-
drew Howard (British Geo-
logical Survey):  Aerial map-
ping of South West Geology

Excursions

Booking is essential for these 
excursions - contact Doug Rob-
inson.

22 April 2015:  Dr D. Rob-
inson (WEGA):  Landscape 
and geology of the Shepton 
Mallet - Doulting area. 

17 to 25 May 2015: Dr. D. 
Robinson (WEGA):  Geology 
of the North Brittany Coast.

Late August/September 
2015:  Dr. D. Robinson 
(WEGA):  Geological evolu-
tion of NW USA.

mailto:drgldr%40gmail.com?subject=
mailto:drgldr%40gmail.com?subject=
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South West USA, September 2014

This map is the plot of our track across the USA plotted on Google Earth. The GPS files, combined with the 
photos I took can be obtained from THIS WEB SITE. The files can be opened with Google Earth. 

In September 2014, Doug Robertson, Chair-
man of WEGA, led an excursion to the 
South West USA. This had been long in the 

planning with several briefings. All this prepara-
tion showed in the (almost) faultless execution - 
if only all excursions were as well prepared!!!

We landed at Phoenix and travelled to 
Las Vegas via (in order) Flagstaff, the Grand 
Canyon, Meteor Crater, the Petrified Forest, 
Canyon de Chelly, Mesa Verde, Canyonlands, 
Arches, San Juan Goosenecks, Monument Val-
ley, Antelope Canyon, Bryce Canyon and Zion. 

And, between these five star attractions 
we visited all sorts of other less well known but 
equally attractive sites. 

The participants in the excursion came 
from all over the West of England. And several 
of them have written accounts of the trip which 
I am pleased to include here.

Carry on up the Kaibab

Linda Drummond-Harris

When the trip to the SW USA was 
proposed about a year ago I seized 
the opportunity to visit a part of 

America I had always wanted to see. Apart from 
the fact it was on my bucket list, this trip offered 
an extra dimension: to be part of a group with a 
common interest in geology and led by a profes-
sional geologist, Doug Robinson, made it very 
special indeed.

We had several meetings during the 
year, the first of which was to gauge the level of 
interest. Would we have enough takers to make it 
viable? We need not have worried. In the end we 
were over-subscribed but I was one of the lucky 
15 to be included. At that first meeting Doug 
gave us a talk on the Geology of the region as 

https://app.box.com/s/l49jgxxan3b3n0zpuu64
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well as a summary of the itiner-
ary. Over the following months 
much of what he told us had 
slipped from my memory so I 
was grateful for the very com-
prehensive notes he supplied. 
However, being a rank amateur 
I struggled a bit with some 
of the terminology and was 
completely bamboozled by the 
plethora of names given to the 
various strata. I’d never remem-
ber that lot! At first I was not 
the only one to come up with 
Kebab or Kibosh for Kaibab 
and Tapioca for Tapeats but by 
the end of the trip I was able 
to reel off many of the names 
and even get a few in the right 
sequence.

Nothing could have 
prepared me for my first sight 
of the Grand Canyon though I 
have seen photos of it of course. 
The sheer scale is difficult to 
take in. The Colorado River was 
quite hard to spot at first, a mile 
below us at the South Rim. At 
this point the North Rim was 
some 10 miles from us. It was 
like looking at a painted back-
drop. Everything was so still 
and majestic and unreal!

What fascinated me, 
though, was the sequence of the 
strata, the variations in colour 
and texture and thickness. I 
wanted to understand what 
changes in the paleo-environ-
ment caused these rocks to be 
laid down.

When you gaze down 
into the Grand Canyon you 
find yourself looking at a 
representation in rock of two 
billion years of earth history. 
Every geological age from the 
Precambrian to the Permian is 

recorded with the exception of 
the Silurian and Ordovician. 
These may have existed but 
have since been completely 
eroded away.

The oldest formation, 
the Precambrian metamorphic 
Vishnu schist, is all that re-
mains of the roots of a moun-
tain range which was once 
taller than the Himalayas. These 
schists were originally sedi-
mentary rocks and arc volcanics 
which were metamorphosed in 
an orogenic event at approxi-
mately 1.7 Ga.

Above this crystalline 
basement in the eastern part 
of the canyon can be seen the 
Grand Canyon Supergroup, a 
12,000 feet thick angled se-
quence of layered sedimentary 
rocks (sandstones, shale, red-
beds and conglomerates) with 
interbedded thick basaltic se-
quences dated at approximately 
1.25 Ga. This sequence has been 
associated with the breakup of 
the supercontinent Rodinia and 
is not exposed on the western 

part of the canyon. It was erod-
ed to form a horizontal surface 
prior to the deposition of the 
Cambrian Tapeats sandstone, 
the oldest Paleozoic unit in the 
sequence.

The Tapeats sits with 
unconformity on the basement 
rock and marks the position of 
the inner gorge. As the Cam-
brian sea advanced onto the 
rifted edge of the former super-
continent it formed this shallow 
marine passive margin unit 
close to the shore. The 100-300 
feet thick sandstone was proba-
bly formed from coastal dunes.

The overlying 250-450 
feet thick Bright Angel Shale 
represents the deepening of the 
advancing sea and the deposi-
tion of offshore muddy sedi-
ments. It is composed of green 
mudstones with some fine-
grained sandstones and contains 
fossils of trilobites, brachiopods, 
and worms. This layer forms a 
gradual transition to the 150-
800 feet thick Muav formation 
above. This youngest Cambrian 

Geological Cross Section of the Grand Canyon. Source is HERE.

http://bc.outcrop.org/GEOL_B11L/lab5_13s.html
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unit is composed of limestone 
with green micaceous siltstones 
and represents the continued 
transgression and deepening of 
the sea resulting in carbonate 
deposition in clear offshore 
waters.

On top of the Muav 
limestone are deeply eroded 
channels which have been 
infilled with a Devonian car-
bonate unit called the Temple 
Butte limestone.

The next formation is 
a bluish grey limestone with 
chert nodules laid down in a 
retreating shallow tropical sea 
near the equator in the early to 
middle Mississippian (Low-
er Carboniferous). This is the 
500 foot Redwall Limestone 
distinctive because of its thick-
ness and the formation of steep 
(often vertical) rock faces. It 
marks the continuation of the 
offshore clear water deposition 
of the passive margin. It con-
tains abundant fossil evidence 
of crinoids, brachiopods and 
bryozoans typical of a warm, 
shallow clear ocean. The top 

of this limestone has a karst 
erosion surface.

The upper Mississippi-
an marks the beginning of the 
change from a passive margin 
dominated succession into 
sequences reflecting a gradual 
development of subduction 
zones along the western US 
coast and associated uplift. The 
arc volcanoes above the sub-
duction zone provided a new 
and massive source of detrital 
input into the former passive 

margin. This change is recorded 
in the Supai Group which is of 
Pennsylvanian (Upper Carbon-
iferous) and early Permian age 
and forms the slopes above the 
Redwall limestone.

This 600-700 feet thick 
group consists of a very varied 
range of sediments with silt-
stone, sandstone, conglomerates, 
mudstones, marls and lime-
stones representing a range of 
depositional environments from 
near shore tributary and brack-
ish to fluvial and dune type 
sedimentation. Plant fossils 
indicate a depositional environ-
ment that was low and swampy 
and there is abundant evidence 
of cross bedding.

The main Permian 
sequence consists of three main 
formations: the Hermit shale, 
the Coconino sandstone and 
the Toroweap formation.

The 300 feet thick 
Hermit shale is a typical red-
bed unit and represents alluvial 
fans and floodplain deposits 
that covered Northern Arizona 
during the Permian 280 Ma. 
It consists of siltstones formed 

Contact of the Coconino Sandstone (above) with the Hermit Shale.

Aeolian dunes in the Coconino Sandstone. This photo was taken in 
Walnut Canyon but it is a good example of the Coconino. 
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from deposits in swamps and 
lagoons.

The overlying Coconino 
Sandstone is an aeolian dune 
deposit representing an arid 
desert that extended across the 
area 270 Ma. This formation is 
distinctive because of the dune 
cross-bedding of its exposures. 
There are also numerous reptile 
tracks preserved in the sand-
stone. The thickness of this 
layer varies between 50 and 300 
feet and forms prominent white 
cliffs near the top of the Grand 
Canyon.

The 200 feet thick 
Toroweap Formation consists 
of red and yellow sandstones 
and shaly limestone interbed-
ded with gypsum. These were 
deposited 260 Ma in a warm 
shallow sea as its shoreline 
transgressed and regressed over 
the land.

And finally we come 
to the Kaibab, a massive 300 
feet thick limestone forming a 
prominent cliff and the top of 
the Grand Canyon succession. 

This represents the deeper parts 
of the advancing warm, shallow 
sea that deposited the under-
lying Toroweap Formation. 
Fossils here include molluscs, 
crinoids and brachiopods. The 
Kaibab forms the plateau region 
covering most of Northern 
Arizona.

Mesozoic rocks would 
have been deposited on top of 
the Palaeozoic but have subse-
quently been eroded away.

The end of the Meso-
zoic is marked by the Larimide 
orogeny which gave rise to the 
Cordilleran Mountain Chain. 
The Colorado plateau reacted 
by developing large scale mono-
clinal folding and extensive up-
lift from an estimated 1000 feet 
to approximately 9000 feet. In 
the mid Tertiary crustal exten-
sion led to widespread volcanic 
activity that continues to the 
present day. The origin of the 
canyon has been attributed to 
the opening of the Gulf of Cal-
ifornia at about 5 Ma, resulting 
in a lowering of the river base 

level and reversing the flow of 
the proto-Colorado towards the 
rifting region, causing the river 
to cut through the sequences of 
the Kaibab plateau.

My thanks go to Doug 
Robinson, not only for a superb 
trip but also for providing us 
with such comprehensive notes, 
not to mention his excellent on-
the-spot interpretations which 
brought the paleo-environment 
to life. On re-visiting the notes 
I found my grasp of the geology 
of the Colorado Plateau and the 
Grand Canyon had improved 
considerably and writing this 
article has helped to consoli-
date my understanding. And if 
I have succeeded in imparting 
this new-found knowledge so 
much the better! Just carry on 
up the Kaibab!

Bob and Trevor standing on the Kaibab at the South Rim.
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A trip to the Col-
orado Plateau

We have us a Con-
voy

Bob Mustow

The Colorado Plateau 
is a great place to see 
geology on a grand 

scale.  The surface of about 
140,000 square miles is largely 
flat except where it is broken 
by huge canyons which reveal 
a cross-section through many 
hundreds of millions of years 
of the history of the planet. It 
varies in altitude from 3,000 
to 14,000 ft and is deprived of 
rainfall by the Sierra Nevada 
mountains to the South West; 
rainfall averages only 10 inches 
a year leading to semi-desert 
conditions with little vege-
tation. However it is drained 

by the Colorado River and its 
tributaries the Green, San Juan 
and Little Colorado Rivers. All 
around the plateau the margins 
are marked by quiescent volcan-

ic activity and it 
is bordered on 
the south and 
west sides by 
the Basin and 
Range Prov-
ince, an area of 
stretching of 
the lithosphere 
leading to linear 
mountain rang-
es interspersed 
with flat deserts.

We land-
ed in the desert 
in that area, at 
Phoenix Arizo-
na, on Sept 1st.  
It was 105°F 
(40°C), but next 
day we were on 
the move, first 
to visit an area 
of the iconic 
saguaro cactus 
(Photo1), then on to Flagstaff 
via Oak Creek Canyon. This 

was our first 
experience of 
the Redwall 
Limestone and 
the overlying 
Supai Group 
and Schnebly 
Hill Sandstone. 

At the north 
end the road 
zig zags steeply 
out of the can-
yon through 

Coconino Sandstone and 
Tertiary basalts to a viewpoint 
over the whole canyon.  There it 
was easy to see the the canyon 
is on a faultline; the east side 
is 1,000ft lower than the west, 
and capped with several hun-
dred feet of basaltic lava, whilst 
the west side is capped with 
Kaibab Formation. Incidentally, 
at many of these ‘overlooks’ an 

Photo 1: Saguaro Cactus

Photo 2: Dune Bedding, Walnut Canyon

Photo 3: Lava at Sunset Crater
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excellent geological information 
board was provided.  We now 
drove up higher over the Lava 
covered Coconino to Flagstaff 
where it is cooler, in Ponderosa 
pine forest and on the Colorado 
Plateau.

Both the sandstone and 
the limestone vary from deep 
red to white due to the way the 
iron content has either been ox-
idised, reduced or leached out. 
The white variety of both these 
rock types is evident at nearby 
Walnut Canyon where we saw 
the ancient cliff dwellings but 
also the Kaibab Limestone 
overlying the Coconino Sand-
stone.  From a distance these 
rock types look very similar ex-
cept the Sandstone has marked 
dune bedding (Photo 2).

Flagstaff is on the edge 

of a volcanically 
active region, the 
highest peak being 
Humphrey’s Peak, 
12,633ft, on San 
Francisco Moun-
tain to the north.  
We visited Sunset 
Crater which last 
erupted 950 years 
ago, quite recent 
geologically, and 
walked the trail 
through the lava 
observing flows, 
ravines, tubes and 
squeeze-ups. The 
latter are formed 
where molten 
lava is squeezed 
out through the 
solid lava crust like 
toothpaste.  It is 
shown in Photo 3 
but not very obvi-
ous; below and to 
the left of the base 

of the tree.
Moving on again we 

drove north, parked and walked 
up to the south rim of the 
Grand Canyon itself.  First you 
see the far side which is 5 to 
10 miles away, then as you get 
nearer, the 5,000ft depth and 
tens of miles of width of the 
breathtaking view opens out 
below and around you. ‘Awe-
some’ as they say around these 
parts. Next day is was raining! I 
thought this was a desert with 
10” per year! But as a result 
our helicopter flight along the 
rim was cancelled.  Undaunted 
we had a geological talk from 
Doug, our leader and font of 
all knowledge, then it stopped 
raining so some of us rambled 
about halfway down the Bright 
Angel Trail to the Three Mile 
Resthouse in increasing sunny 
and baking hot conditions. The 
signs say “Down is Optional. 
Up is Mandatory”. This was a 
most fascinating trek with not 
only rocks to identify (Photo 4) 
but flora and fauna too.

Next day we motored 
along the south rim, 
visiting several stun-
ning overlooks, back 
over Kaibab limestone 
to Flagstaff briefly, then 
Meteor (or Barringer) 
Crater. This is a large 
hole in the ground, with 
which I expect most of 
you are familiar, about 
1.2km across, 170m deep 
with a rim 45m above the 
plain.  The museum was 
very interesting and there 
is a 1,406 pound (638kg) 
piece of the meteorite 
which has become pol-
ished by thousands of fin-
gers (Photo 5). That night 
we stayed in Winslow 

Fig 1: Generalised stratigraphy of the Colorado 
Plateau

Photo 4: On Bright Angel Trail
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where we stayed in ‘La Posada’, 
an amazing hotel with a huge 
railway just outside the back 
door, but nearly ended up driv-
ing into the State Prison while 
scouting around for somewhere 
to eat.

The following day was 
scorchingly hot when we visited 
the Petrified Forest Park where 
there are large numbers of tree 
trunks that have been converted 
into beautifully multi-colour-
ed stone; even the tree rings 
have been preserved (Photo 6). 
Briefly, the trees grew 225 mya, 
were buried in river deposits 
containing volcanic ash, and 
over millions of years the silica 
replaced the organic matter. 
Then the surrounding depos-
its were eroded away leaving 
the fossils on the surface. It 
was tempting to pick up a bit, 

but then you 
would be liable 
for a huge fine.

So we 
moved on, 
peering at 
some Indian 
Writing and 
gazing at the 

Painted Desert, which is anoth-
er vast canyon where the Trias-
sic Chinle Formation 
rocks are even more 
pink and white than 
usual.  Next up was 
a visit to the ‘White 
House’, a native cliff 
dwelling low down in 
the huge Canyon de 
Chelly (Photo 7).  It is 
thought these were oc-
cupied until about 1300 
A.D. when drought 
forced them to leave. 
Around 1700 A.D. 
the Navajo Indians 
occupied the canyon 
and aggressively raided 
other inhabitants in the 
area. Fierce battles were 
fought here around 
1800 A.D. between the 
Spanish government 
and the Navajo Indi-

ans. How-
ever it is quieter now 
and we were able 
to study the dune 
bedding here at 
close quarters. The 
brownish-black 
streaks down the 
rocks are ‘Desert 
Varnish’, formed of 
clay with iron and 
manganese oxides 
and some organic 
matter, stuck to 
the rocks in damp 

conditions and baked by the 
sun.  It only forms on stable 
surfaces devoid of fracturing 
and erosion. It is thought the 
high concentration of manga-
nese, 50x normal, is due to mi-
crobial action.  It is by scraping 
this ‘varnish’ off the rocks that 
the  early inhabitants did their 
‘Indian Writing’, for example at 
Newspaper Rock (Photo 8).

We now took a road over 
the mountains, leaving Arizo-
na for New Mexico where we 

Photo 5: Part of Meteorite

Photo 6: Petrified Forest

Photo 7: White House Ruins, Canyon de 
Chelly

Photo 8: Newspaper Rock
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passed Shiprock,  an explosive 
volcanic remnant with sur-
prisingly thin radiating dykes 
(Photo 9). Soon though, we had 
left New Mexico and were in 
the state of Colorado! Here, in 
the Mesa Verde national park, 
we had a spectacular guided 
tour around the Balcony House 
cliff dwellings, climbing steep 
ladders and crawling through 
tunnels. Some of the structural 
wood has been dated at 1240 
A.D. 

Passing into Utah, our 
watches and cell phones are 
in confusion as we go from 
state to state, and in and out 

of Indian territory; sometimes 
we are in the Mountain Time 
Zone, sometimes it’s daylight 
saving time, and later on in 
Nevada we will be in the Pacif-
ic Time Zone.  Our first visit 
here is to Canyonlands, a vast 
area of essentially two canyons 
occupied by the Colorado and 
Green rivers.  It too only has 
10” of rain per year, 
but for the second 
time it is raining! 
And now only 59°F 
(15°C). And windy. 
A bit like England.  
We took a huge 
number of photos 
from the Needles 
Overlook where 

the view would be unbelievable 
if it wasn’t there in front of you 
(Photo 10), and picnicked at 
Fisher Towers (in fine weather 
now) where there must be the 
largest toilet roll holder in the 
world; 12 rolls (Photo 11)!

We were now based at 
Moab (for two nights unu-
sually), and from there some 
of us took an excursion to see 
the potash mines which Doug 
hadn’t seen for 30 years and 
which we were actually unable 
to see.  However it was not 
without interest; first we viewed 
some more Indian Writing, 
conveniently beside the road. 
Then there was a tremendous 
thunderstorm during which riv-
ers started to pour off the high 
cliffs in great waterfalls!  But 
it soon stopped, so we could 
look at the dinosaur footprints 

Photo 9: Shiprock

Photo 10: Needles Overlook, Canyonlands

Photo 11: Largest in the World?
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(Photo 12). The next day we 
could have had a problem as the 
brief rainstorm had caused flash 
floods in the Arches National 
Park, closing some of the dirt 
roads with foot-thick sedi-

ments.  So instead Doug rear-
ranged things so we went next 
to  Deadhorse Point.  This has 
a narrow neck of 27m where it 
joins onto the ‘mainland’ and 
sheer cliffs all round of 2000ft 

(610m) where it juts out into 
Canyonlands and so made a 
convenient place to corral wild 
horses years ago.  But some 
cowboys left a number or 
animals there to die, hence the 
name.  The views were, again, 
awesome. Then to Upheaval 
Dome, a strange formation 
which could possibly be a mete-
orite crater.  Here’s a photo of 
12 of the 16 admiring the view 
(Photo 13).

Back to the Arches Park 
(where some of the roads were 
still closed). The Park entrance 
is off the Moab Fault (Photo 
14) which conveniently displays 
Pennsylvanian and Triassic 
rocks to the west (left) and 
Jurassic to the east (right); there 
is a displacement here of up to 
3,000ft. The Arches are most-
ly in the late Jurassic Entrada 
sandstone (140myo).  I wanted 
to show you lots of pictures of 
some of the 2,000 arches, but 
here are just two (Photos 15 
and 16).  By the way, 43 arches 
have collapsed since 1977.

Photo 12: Dinosaur Prints

Photo 16: Delicate Arch

Photo 13:  Some of us at Upheaval Dome
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Now we moved on to 
the Natural Bridges National 
Monument, where we saw arch-
es in the bottom of canyons, 
carved by river erosion, and 
then along a normal straight, 
wide, tarmac road across the 
desert until it transformed into 
a hair-raising dirt track down 
a 1,200ft cliff, at the bottom of 
which it carried on normally 
across the desert - the Moki (or 
Mokee) Dugway. Intriguing-
ly you can view this at http://
www.dangerousroads.org/. This 
road, along with many others, 
was built during the Uranium 
boom of the 1950’s and paved 
in the 70’s. These roads allow 
access to many sites that would 
otherwise be inaccessible to 
the average tourist.  Anyway, 
we survived that alright, took a 
look at the Goosenecks (more 
canyons, wiggly this time) 
and on to Monument Valley, 
which happens to be just over 
the border from Utah, back in 
Arizona (Photo 17).  Here we 
drove the Valleys Route around 

the Buttes (pronounced as in 
‘beauts’) and Mesas (generally, 
the butte has a top narrower 
than its height and a mesa’s top 
is wider than its height).  Here 
and there we got out to admire 
the view (Photo 18). The dirt 
road was bare rock in some 

Photo 15: South Window through 
Turret Arch

Photo 16: Delicate Arch

Photo 14: The Moab Fault

http://www.dangerousroads.org/
http://www.dangerousroads.org/
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places and steep, deep sand in 
others giving rise to a worrying 
lack of traction… but we made 
it!  The view from all the rooms 
in the hotel was - well - awe-
some! (Photo 19). There was a 
nearly full moon in the evening 
and a beautiful sunrise in the 
morning.

After a brisk morning 
trek (for a few of us) around 
West Mitten Butte, and a drive 
back into Utah and then back 
again into Arizona, we arrived 
at  Antelope Canyon.  This 
one is only 120ft deep but very 
narrow.  The Navajo sandstone 
has been carved into curious 
shapes by water action and 
wonderfully coloured.  Then on Photo 17; Monument Valley

Photo 18 (above): Monuments from the Valley Route Photo 19 (below): View from our Room
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to Horseshoe Bend, where we 
saw a condor, recently re-intro-
duced, and the Glen Canyon 
dam across the Colorado. 

We now moved on to 
Lees Ferry by a 60 mile di-
version as the direct route has 
been carried away in a massive 
landslip. This is the only easy 
point of access to the Colorado 
River for 600 miles and was 
an important ferry crossing 
and also a setting-off point for 
those risking the run downri-
ver. The Navajo bridges (1929 
and 1995) and Glen Canyon 
bridge (1959) now provide 
more convenient and reliable 
crossings.

Heading west alongside 
the Vermillion Cliffs looking 
for a picnic site, we settled on 
Jacob Lake, where we upset 
the Caravan Park attendant 
by picnicking in her park 
and driving around in convoy 
trying to find the way out.  
Then south to the north rim of 
the Grand Canyon.  Another 
“Wow, awesome” moment as, 
at 8000-8800ft, this rim is over 
1,000 ft higher than the south.  
Although you don’t see so 
much of the canyon, the view 
over it is astounding, even the 
San Francisco Mountains near 
Flagstaff, mentioned earlier, 
were visible in the haze, 66 
miles away.  From the overview 
at Imperial Point you could see 

the start 
of the 
Bright 
Angel 
Trail way 
over the 
other 
side, 
where we 
trekked 
10 days 
ago. 
(Photo 

21). We stayed at the appropri-
ately named Kaibab Lodge in 
pleasant log cabins.  Only three 
more days to go now! 

Bryce Canyon next, not 
actually a canyon as it only has 
one side, but a receding escarp-
ment.  Pretty rock formations 
here in pink and white, and we 
did get a good look at a pass-
ing humming bird.  Then Zion 
Park; impressive rock forma-
tions and a busy but pleasant 
valley walk aided by a free 
shuttle bus. And then finally 
Las Vegas, which is off the 
Colorado Plateau and back in 
the Basin and Range, where we 
stayed in the prestigious Hotel 
Bellagio which did not, howev-
er, provide a coffee machine in 
our room!  I think by this time 
most of us were looking for-
ward to going home! But there 
was still Frenchman Mountain, 
which reveals much of the ge-
ology we are now familiar with, 
and the famous Hoover Dam.

My apologies for the 
condensed nature of this arti-
cle,  I have had to leave a lot 
out. In fact we drove over 2,500 
miles.  It would be possible to 
write whole articles on each of 
the dozens of points of interest 
encountered during this trip.

So, what an incredible 
time we had.  I cannot heap 
enough praise onto Doug Rob-
inson for skilfully planning and 
executing this trip, providing 
copious geological notes and a 
comprehensive itinerary.  I’ve 
learnt so much about geology 
and this part of the USA with 
a great group of people.  We are 
all saying “Where next, Doug?”

Photo 20: Antelope Canyon

Photo 21: Grand Canyon North Rim
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‘Turn Left at the Triassic’

A few personal notes on the re-
cent WEGA / Bath Geological So-
ciety field trip to the Colorado 

basin,

by Nick Evans.

The word ‘awesome’  is much overused, espe-
cially by the younger generation.

On 3rd September 2014, at about 6.00 
pm, along with my 15 colleagues we parked our 
3 ‘vans’ at the car park at Yavapai Point on the 
South Rim of the Grand Canyon. From there we 
walked the hundred yards or so to the Point to 
behold a sight I have wanted to see since I was 
17 years old.

Words are not enough to describe that 
view. As we stood there the sun was low to the 
west and throwing shadows and colours across 
that magnificent landscape. There before me was 
the picture I had first seen as a boy in Arthur 
Holmes’ ‘Principles of Physical Geology’. 277 
miles long and 8 miles wide at that point, to the 
North Rim, I peered down into the abyss and 
saw a turkey vulture wheeling below me. The 
canyon is 1,700 million years deep. I felt emo-
tion well within me, and I had to find a quiet 
corner, for the sake of decorum. For me this was 
something of a spiritual moment, and I found 
myself thinking of the boy in North Wales whose 
imagination was caught by an inspirational 
geology master. I defy a person not to be emo-
tionally moved at the first sight of that place, and 
I couldn’t help but think of life’s bigger questions 
when faced with that view.

I was filled with awe at the sight. It is 
awesome.

In the days that followed we saw the 
canyon again from several points close by on 
the South Rim and again from the North Rim, 
which is another 1,000’ higher. We viewed the 
approaching river at various points upstream as 
it cut ever deeper into the Colorado Plateau. A 
planned helicopter flight over the canyon was 
cancelled due to a surprise storm, so Bob Mus-
tow, Trevor Heighton and I took the opportunity 
to walk down part way into the canyon on the 
Bright Angel Trail. At various points there are 

warning signs: ‘Going down is optional. Coming 
back up is Compulsory’. Wise words, indeed. In 
that heat it is important to think about keep-
ing hydrated, and not to over exert oneself. Our 
leader, Doug Robinson, had briefed us on the 
geology of the canyon that morning, and this 
walk gave us the chance to see the succession of 
formations for ourselves.

We turned around at the ‘3 mile Rest 
House’, which is a 2,000’ descent from the lip. 
There and back was 4 hours. What makes the 
geology so fascinating is that it is naked. The 

succession of beds is not hidden with soils and 
vegetation, as we are used to at home. It makes 
stratigraphy an easier science to understand. Also 
the Palaeozoic sequence is almost horizontal, and 
mostly fault free. How often does that happen 
in the UK? Thinking that US geology is easy we 
descended from the top of the Permian Kaibab 
limestone to the top of the Mississipian Redwall 
limestone (equivalent to our Lower Carbonifer-
ous).

Our group of 16 was a mixed bunch 
of serious geologists (academics, teachers and 
commercial geologists) and well meaning ama-
teurs like myself. The amateurs included retired 
medical doctors, engineers and various others. 
Surely what we all have in common is a love 
of the natural world, whether that be geology, 
astronomy, or flora and fauna. We have retained 

View from the Bright Angel Trail
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our enquiring minds into our adult lives and have 
used them to exercise a continuing curiosity in 
the world around us. Long may it continue.

While at the South Rim we were staying 
at the Yavapai lodge – a busy complex designed 
to serve the huge tourist community. We found 
the food there a little ‘challenging’. On the last 
night I found an option of ‘real food’- a pot roast, 
green beans and a baked potato. A colleague sat 
down next to me, fixed the darkened overcooked 
potato in her sights and announced: ‘That looks 
like a coprolite’. Thanks for that!

The 18 day tour unfolded like an Amer-
ican road movie, only with better grammar. We 
started in Phoenix with a photo shoot in the 
hotel car park. We found two friendly police of-
ficers who kindly took photos on 4 or 5 different 
cameras. As we were drawing to a close one wag 
called out: “AND NOW IN PROFILE!”

We drove in convoy a distance of 2,500 
miles across five states from Phoenix to Las 
Vegas. Most of the time was spent in Arizona. It 
is difficult for us to come to terms with the size 
of America. Arizona alone is more than twice 
the area of England, but with one eighth of the 
population. We had benefited from an award via 
WEGA which covered the cost of the 3 Na-
tional Park annual passes. We made the most 
of these to visit Montezuma, Walnut Canyon, 
Sunset Crater, Petrified Forest, Painted Desert, 
Newspaper Rock (‘Is it red all over?’.........satis-
fying groans), Canyon de Chelley, Mesa Verde, 
Canyonlands, The Arches, Bryce Canyon, Zion 

National Park and the Hoover Dam. There 
were several other sites visited which were not 
a part of the National Park administration: The 
Baringer Crater, Moki Dugway, Goosenecks, 
Monument Valley, Antelope Canyon, Horseshoe 
Bend and Lees Ferry. Looking at that list I real-
ise why I am worn out!

During the trip we saw nature’s wonders. 
My own highlights included a red tailed hawk 
over the Baringer crater, ancient Utah junipers 
in berry at the Needles overlook, the mighty 
saguaro cactus in the desert near Phoenix, and a 
stunning humming bird in Bryce canyon, de-
fying those who wished to photograph it. Then 
there was the sight of the stripe of the Milky 
Way above a Kaibab sky – I have never seen it so 
clearly. I should also mention the giant cotton-
wood trees in Zion National Park that had been 
‘got at’ by beavers, but had somehow remained 
standing. There was so much more.

In Flagstaff we visited a ‘pub’ which clear-
ly held fond memories for Doug, who had lived 
in the town for a while as a young man, while 
lecturing at the local university. It was called The 
Museum Club, but had the nickname ‘The Zoo’. 
Ancient by local standards, and made of squared 
logs, it was the sort of place that a cowboy hat 
wouldn’t look out of place. Among the line 
dancing and karaoke country music we shared a 
few pitchers of beer with our meal, and laughed 
a lot. (Have you seen The Blues Brothers? It was 
a little like the place they performed ‘Rawhide’ 
in a cage, while the locals threw things at them.) 
When it came time to leave we set off in the 
dark, down the famous Route 66, looking for the 
point at which we needed to turn off to cross the 
Santa Fe Railroad to get back to our hotel on the 
outskirts of the town. It was all a little fraught 
and stressful, until Doug shouted urgently from 
the back seat: “TURN LEFT AT THE TRIAS-
SIC!” Here we were navigating in the dark by 
geological outcrop. Now that’s what I call geo-
logical expertise.

The trip was a huge success, and we all 
recognized the massive amount of preparation 
which Doug was responsible for. The trip will live 
long in the memory.

Where are we going next year, Doug?

Testing the water in Zion National Park
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After a farewell to our 
fellow excursionists 
in Las Vegas, Chris 

and I  flew to Salt Lake City. 
The Mormon capital is a very 
pleasant town, laid out on a grid 
pattern and with a very fre-
quent tram system. (Although 
the locals call them trains!)

We managed to avoid 
being converted even though 
we had a good look at the 
Temple as we walked round the 
Temple Gardens.

We drove to the Great 
Salt Lake and even bathed in 
the very salty waters - but no 

one wants to see me floating 
higher in the water than nor-
mal - and had a look at Park 
City, the local Alpine Resort.

Then we had the long 
drive to Yellowstone. This was 
longer than normal as the end 
of the “High Season”  meant 
that road repairs closed many 
of the park roads and we had a 
circuitous route to our pre-
booked accommodation at the 
“Snow Lodge” at Old Faithful. 
This was a very nice room, 
fully serviced, in a cabin with 
three others. Not as grand as 
the Old Faithful Lodge, but at 

least it was obtainable.
The next day we 

did not wander far from 
Old Faithful. You will see 
geysers doing their thing if 
you hang around the Old 
Faithful geyser field. Old 
Faithful goes off every cou-
ple of hours, usually fairly 
close to the posted, pre-
dicted times. And there are 
a plethora of other geysers 
about going off at intervals. 
Besides cone geysers like 
Old Faithful and Beehive 
Geyser there are fountain 
geysers, hot springs, fuma-
roles and mud pots vying 
for your attention. You will 
not be disappointed!

All these geother-
mal features are the result 
of there being a vast mass 
of magma below the park. 
It measures 80km long, 
20km wide and a thickness 

of about 2.5km. Between 6 to 
8% of this is molten rock.

This is the Yellowstone 
hotspot which has left traces 
across the western USA as the 
North American Plate passes 
over it.

The magma at the hot 
spot is presumably basaltic, but 
most of the volcanic material 
in Yellowstone is rhyolitic in 
composition. One surmises that 
the vast quantity of heat - man-
ifested by the geysers and hot 
springs - has melted the crustal 
rocks and it is those which have 
been erupted in some of the 
largest eruptions ever seen on 
Earth.

Cone geysers have a 
constriction in their throat 
which allows pressure to build 

A Drive from Salt Lake City to Denver via 
Geysers and Dinosaurs

Graeme Churchard

Beehive Geyser geysering

Chris with Castle Geyser, another 
cone geyser, on the far side of the 

Firehole River
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This map is the plot of our track across the USA plotted on Google Earth. The GPS files, combined with the 
photos I took can be obtained from THIS WEB SITE. The files can be opened with Google Earth. 

up until there is sufficient 
pressure to blow off the steam 
and superheated water out of 
the system. Fountain geysers 
have much less constricted 
orifice. They fountain when 
the amount of heat going in to 
them raises the water temper-
ature above its boiling point. 
Steam and boiling water foun-
tain out.

Hot springs have no 
constriction. Hot water rises 
to the surface where some runs 
off while the rest cools and 
sinks. This prevents the water 
reaching superheated tempera-
tures and giving rise to violent Great Fountain Geyser on Firehole Lake Drive - a fountain geyser

https://app.box.com/s/l49jgxxan3b3n0zpuu64
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eruptions.
Mud pots occur where 

the hot spring is of insufficient 
volume to flow freely. The acidic 
water breaks down the rock; 
micro-organisms thrive and ac-
celerate the production of clay.

The geothermal areas 
are scattered in many places 
throughout the park. They are 
spectacular but are not beau-
tiful. If you wanted to recreate 
Yellowstone somewhere else 
I would hope that you would 
not get planning permission! 

Large areas have had their trees 
destroyed, deposits of sinter 
cover what were once grassy 
meadows, the stink of sulphur 
is common. But I would not 
miss a trip to Yellowstone for 
anything.

But geysers and hot 
springs are not the only reason 
to visit the Park. There is also 
the Gorge of the Yellowstone 
River. The river runs from 
Yellowstone Lake, northwards 
to the Missouri and thence to 
the Mississippi and the Gulf 

of Mexico. Much of its course 
in the park is on rhyolitic lavas 
and tuffs. So there are hard 

lavas and softer tuffs - condi-
tions favourable for the for-
mation of waterfalls. But there 
is the added complication of 
hydrothermal alteration - hard 
rocks are made softer.

Both the Upper and 
Lower Falls are formed by the 
river eroding softer rocks as 
they come off a harder lava flow. 
But the softer rock is not a dif-
ferent rock type - it is more lava 
but here it has been turned into 
a colourful mush by the action 

of percolating fluids. Indeed it 
can be difficult to distinguish 
lava from tuff after they have 
been through the hydrothermal 
mill.

This hydrothermal work-
ing changes the rock funda-
mentally - its strength lessens 
and its colour changes. It is said 
that the declaration of Yellow-
stone as the first National Park 
in the world was dependent on 
the reception in Washington 
of the artist Thomas Moran’s 
painting of the colours of the 
Yellowstone Gorge. My pho-
tograph of the gorge is on the 
next page.

After four nights in the 
park we set off for Vernal and 
the Dinosaurs of the National 
Monument via the Grand Te-
tons, by a rather circuitous route 
as the direct road was closed for 
bridge repairs.

We did not leave the 
main road as we were pressed 
for time, but even so the views 
were spectacular. The haziness 
meant that some digital torture 
of the images was necessary to 
get acceptable pictures.

The Tetons are some 
of the youngest Mountains in 
North America but they con-
tain some of the oldest rocks!It 

Fountain Paint Pot - a mud pot

http://en.wikipedia.org/wiki/Thomas_Moran#mediaviewer/File:Thomas_Moran_-_Grand_Canyon_of_the_Yellowstone_-_Smithsonian.jpg
http://en.wikipedia.org/wiki/Thomas_Moran#mediaviewer/File:Thomas_Moran_-_Grand_Canyon_of_the_Yellowstone_-_Smithsonian.jpg
http://en.wikipedia.org/wiki/Thomas_Moran#mediaviewer/File:Thomas_Moran_-_Grand_Canyon_of_the_Yellowstone_-_Smithsonian.jpg
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The Upper Falls of the Yellowstone River. 

The Lower Falls of the Yellowstone River
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Two photos of the Gorge of the Yellowstone River. Mainly rhyolitic tuffs altered by the action of hydrother-
mal fluids
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was a long drive to Vernal 
where we had booked into The 
Dinosaur Inn - not the last time 
we saw that dinosaurs are BIG 
in the area. We saw a hoarding 
for a night club with the direc-
tions “Turn Right at the Pink 
Dinosaur”!!

Vernal is in Utah but 
just over the border in Colora-
do  is the village of Dinosaur. 
A rather run-down place but 
distinguished by having dino-
saurs as street names. And the 
Bedrock Depot at 214 Bronto-
saurus Boulevard serves a rather 
nice Allosaurus Delight.

But our main purpose 
here was to visit the Dinosaur 
National Monument. This 
straddles the Utah - Colorado 
border and has the Green River 
running through it.

On the Utah side is the 
Carnegie Quarry which is now 
the site of the Quarry Muse-
um. When one thinks about 
how excited we got at looking 
at rather doubtful dinosaur 
footprints at Antelope Canyon, 
the experience of the Quarry 
Museum is mind-blowing!

The geology is of a river 
valley which periodically dried 
out, the local dinosaurs died 
then a sudden flash flood roared 
through and gathered all the 
dead bodies on the river bank. 
Burial, fossilisation and folding 
followed and now we have a 

tilted bedding plane, packed 
with a plethora of mixed dino-
saur bones. 

They have largely been 
left in place, but carefully 
exposed. A modern building 
covers the whole exposure and 
one can marvel at ones leisure. 

A very helpful booklet 

allows you to identify many of 
the bones in the quarry face. 
They are of Jurassic Age - the 
Morrison Formation at 149 
million years ago.

Apparently there are 10 
different species in the quarry. 
Meat eaters are less than 5% of 
the fossils, plant eating sauro-

A  panorama of the Grand Tetons

This large Allosaurus skull is one of the best preserved ever discovered

Inside the Quarry Museum - a death assemblage with a multitude of 
dinosaur bones

http://www.bedrockdepot.com/
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pods are the most numerous. 
Photography is difficult 

- the bones are the same colour 
as the sandstone - but it is a 
sight which I will long remem-
ber.

The next day we contin-
ued on our way towards Den-
ver and our flight home. We 
decided to avoid the interstate 
and take the back roads and 
this was one of the best 
decisions we made. At 
Dinosaur we turned right 
and followed the road to 
Meeker, passing through 
the Rangely oilfield which 
is still being developed, to 
Meeker which is a model 
for small town America. 
Then the Flat Tops Trail 
to Yampa. Most of this is 
a dirt road but it is eas-
ily drivable and passes 
through some of the most 
colourful fall scenery we 
have ever seen.

The hills are cov-
ered in dark green pines 
and, at this time of year, 

aspens with bright yellow 
leaves turning red. There were 
breath-taking sights round 
every bend.

That night we stayed 
at Grand Lake and the next 
day drove through the Rocky 
Mountain National Park, 
driving on the highest through 
road in the Lower 48 - over 
12,200ft. 

The scenery 
was magnificent, but 
compared to what we 
had seen earlier on 
our trip, somewhat 
ordinary. Also it was 
a “Free Day” in the 
Park so most of the 
population of Denver 
were on the roads 
into the park - I don’t 
know where they 
hoped to leave their 
cars!

We got to 
the airport without 
incident and flew 
home having enjoyed 
an enlightening and 
very enjoyable holiday 

inspired and organised by Doug 
Robinson, to whom we give our 
heartfelt thanks.

On Flat Tops Trail - cowboys still exist!

Aspens in the Fall - Flat Tops Trail
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Landscape and geology of the 
Shepton Mallet area.

Wednesday 22 April 2015

Leader: Dr Doug Robinson

The landscape of the area highlights the 
Liassic sequences representative of the 
gradual inundation of the Silurian – Car-

boniferous rocks of the Mendip Archipelago 
by the early Jurassic seas. Various exposures and 
buildings will be examined to view examples of 
the sequences involved in this inundation includ-
ing the Silurian/Devonian core of the Mendips, 
Blue Lias, Downside stone and the inferior 
oolite, Doulting Stone. This trip will include a 
visit to the present-day working Doulting stone 
quarry to see the exposures, production and 
products from this famous Jurassic oolitic lime-
stone. This quarry lies adjacent to the historical 
quarries from which the stone for building much 
of Wells Cathedral was taken.

There will be a lunch stop at the 17th cen-
tury George Inn in the village of Croscombe that 
was first documented in 708 and in the Dooms-
day book as a settlement of 360 acres with 13 
Saxon families. 

Booking required with participants limit-
ed to 16. Because of the narrow lanes and re-
stricted parking in the area visited, it is probable 
that a rented minibus will be used for transporta-
tion around the area, for which a charge of ~ £8 
per person will be made. 

Date is provisional, as final confirmation 
has to be made with quarry owners nearer the 
time. 

Email place requests to drgldr@gmail.
com.

Geology of the North Brittany 
coast

Leader: Dr Doug Robinson

The trip will examine the geology of the 
north Brittany coast between St Malo 
westwards along the southern and then 

western edges of the Baie de St Brieuc ( Jacut 
de la Mer - St Cast – Erquy – St Brieuc), and 
northwestwards to Paimpol. The trip then con-
tinues westwards to Trébeurden along the Côte 
de Granit Rose. This part of northwestern France 
exposes most of the country’s Precambrian rocks. 
For much of this region, rocks belonging to 
the Cadomian cycle of between 750 – 520 Ma 
are exposed. This Cadomian sequence has been 
subdivided into a number of fault separated units 
including:

• Tregor unit: a granitic volcanic-plutonic 
complex of batholithic and extrusive rocks having 
a volcanic arc character.
• Saint Brieuc unit: a volcano sedimentary 
formation of varied character (turbidites, pillow 
lavas, volcaniclastics, gabbroic and dioritic intru-
sions), which has undergone variable deforma-
tion and metamorphism.
• The Saint-Malo unit: a dome structure con-
sisting of partially melted gneisses giving rise to a 
very well developed migmatite complex. 

Caught up in various places in these Ca-
domian units are slices of Proterozoic gneissose 
basement rocks (Icartian gneisses ~ 2000Ma), 
representing the ancient crustal rocks of the 
region.

In the northwestern region around Tre-
gastel and Trébeurden there is the Ploumanac’h 
plutonic granitic complex of Variscan age (303 
Ma). This complex shows three concentric 
outcrops around a central core representative of 
successive magma intrusions. In addition the 
complex shows unusual intermixing between 
acid and basic magmas, along with a spectacular 
contact metamorphic aureole with andalusite and 
cordierite. It is this complex that has given rise to 

Excursions for 2015

mailto:drgldr%40gmail.com?subject=Shepton%20Mallet%20excursion
mailto:drgldr%40gmail.com?subject=Shepton%20Mallet%20excursion


Page 24Page 24

WEGA Newsletter

December 2014

the spectacular Côte de Granit Rose scenery.

Provisional details:

The trip (Sunday 17 – Monday 25 May, 2015) 
is timed to avoid school holidays in France and 
the UK, and to benefit from low tides at midday. 
Sixteen places are available for the trip.

Sunday 17: overnight ferry (foot passengers) 
Brittany ferries from Portsmouth (20:15) to St 
Malo (08:15)
Monday 18: pick up rental vehicles; geology 
around Jacut de la Mer and Dinard. Overnight 
Erquy area.
Tuesday 19: geology around St Cast, Cap Fre-
hel and Erquy. Overnight Erquy area.
Wednesday 20: geology around western Baie 
de Brieuc. Overnight Paimpol area
Thursday 21: geology around Paimpol region. 
Overnight Paimpol area.
Friday 22: geology of Côte de Granit Cote. 
Overnight Tregastel area.
Saturday 23: geology of Côte de Granit Cote. 
Overnight Tregastel area.
Sunday 24: travel to St Malo with stops at Di-
nan (with its 3km-long ramparts and half-tim-
bered houses) and the Rance Barrage. Overnight 
St Malo.
Monday 25: Brittany ferry at 10:30 to Ports-
mouth arriving 18:20.

Estimated costs:

Travel to/from St Malo: participants to 
make their own travel bookings for train to/from 
Portsmouth harbour, and return foot passen-
ger ferry journeys (return ferry fare with cabin 
on outbound journey for two people is ~ £210; 
return train Bristol – Portsmouth ~ £45 per 
person).

Travel during trip will use two 9-seat 
MPV rental vehicles with 1 seat vacant to pro-
vide additional luggage space. Rental and fuel 
costs ~ £150 per person. Accommodation for 
eight nights will be in Logis type hotels ~ £400-
450 per person.Additional costs: All meals, travel 
insurance

Interested?

Anyone interested in joining this trip should 
email Doug Robinson (drgldr@gmail.com) to 
expresseither a definite or possible interest by 
Monday 1 December.

Participants will be registered on a first 
come basis with a reserve list held for enquiries 
in excess ofthe 16 places. Should sufficient defi-
nite interest be expressed, then it is hoped that 
firm arrangements to proceed with the trip can 
be made before Xmas. On confirmation of places 
for the trip a deposit of £100 per person will be 
needed to confirm a place on the trip.

The Geological Evolution of 
the N.W. USA.

Leader: Dr Doug Robinson

The trip will occupy 13 nights, flying into 
Seattle in Washington State and out of 
Denver in Colorado. The trip is timed for 

late August/early September. The weather can be 
expected to be very variable; temperatures should 
range from low 60s to lows 70s during the day. 
The western NW USA usually has its driest 
period during the summer, but the Yellowstone, 
and Rocky Mt region near Denver are at high 
altitude and it is not unknown for snow to fall in 
summer/early autumn.

There are 15 places available; transport 
will be using three rental 7-seat vehicles driven 
by members of the group. A provisional cost 
including return flights, twin shared accommo-
dation each night (in Best Western type motels) 
and rental of vehicles is £2000 (+/-10%) per 
person. Additional costs include: travel to/from 
LHR; all meals; insurance; shared fuel and excess 
insurance (~£60); shared passes for park entry 
(~£25). Optional cost for trips e.g. 20 min heli-
copter tour of Mt St Helens (~£110). 

Trip summary:

The trip is between the two US gateway 
cities of Seattle and Denver (into which there are 
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direct BA flights), which will allow a W-E trav-
erse across the full width of the North American 
Cordillera to be made. This is a region in which 
the latter half of the Phanerozoic evolution of 
the Cordillera is well displayed.

In the west, the last remnants of the 
convergence between the Pacific (represented 
by the presentday Juan de Fuca micro plate) and 
North American plates has given rise to Cascade 
volcanic chain. Along this N-S active volcanic 
arc, the two most well-known volcanoes Mt St 
Helens, that massively erupted in 1980, and Mt 
Rainier, the highest point in the chain, will be 
visited.

Lying east of the Cascade chain is the 
Columbia River Basalt sequence, the World’s 
youngest Large Igneous Province, that represents 
the onset of a new hot spot during the Tertiary. 
This area is also the site in the ice-age of the 
huge ice-damned Missoula lake. Periodically 
there were repeated failures of the ice dam result-
ing in vast volumes of water being released and 
generating evidence of huge floods ripping their 
way across Washington state to give rise to the 
scabland region.

Further to the east the route crosses the 
massive Idaho Batholith formed during the Mes-
ozoic convergence between the Pacific and North 
American plates. The route then enters the Snake 
River Plain, which is a 400 mile-long volcanic 
edifice cutting northeast across the northern 
Rockies towards Yellowstone. This volcanic plain 
marks the track of North American Plate across 
a hot spot, whose present position is represented 
by the Yellowstone Plateau. Yellowstone is a su-
pervolcano with its caldera infilled by lava flows 
and massive amounts of pyroclastic air-fall and 
flow deposits, along with the vast array of geo-
thermal features generated by the cooling magma 
chamber at shallow depth.

The route south from Yellowstone en-
ters the Mid Rockies region with fault blocks 
of crystalline Precambrian basement upfaulted 
through Palaeozoic and Mesozoic sequences, as 
spectacularly seen in the Grand Teton region. 

Continuing southeast the route enters a large 
Tertiary lake sequence in which exceptional-
ly well-preserved fossil faunas are displayed at 
Fossil Butte. The route then crosses Unita Mts 
with an upfaulted Precambrian sequence draped 
again by Palaeozoic and Mesozoic units. It is in 
these Mesozoic rocks that Dinaosaur Monument 
is located, displaying an amazing sandstone unit 
enclosing hundreds of bones from a wide variety 
of dinosaurs.

The final part of the route then cross 
into the N-S trending Rocky Mt frontal ranges 
formed of 14,000’ peaks of crystalline Precambri-
an basement, fault juxtaposed against the steeply 
dipping hogsback of Dakota sandstone flatirons 
running N-S just to the west of Denver. It was 
the end Mesozoic phase of plate convergence 
that gave rise to the Larimide orogeny and the 
formation of the Rocky Mountain thrust front 
towering above the high plains on which Denver 
is located. The final stop of the trip will be in the 
uptilted Mesozoic rock in which quite amazing 
footprints of the massive diplodocus dinosaur are 
found.

The area over which these features occur 
is vast and there are high mileages between the 
different places. More detail of the daily features 
and distances covered is given below.

If you have either a definite or provi-
sional interest in the trip, email contact details 
to rgldr@gmail.com. Please reply as soon as 
possible, and by Monday 1st December, in order 
that a decision can be made before Xmas as to 
whether the trip is viable for 2015.

If there is sufficient interest then the cost-
ing for the trip will be confirmed and deposits 
sought. It is hoped that this stage of the planning 
will be completed before Xmas in order to ensure 
accommodation at Yellowstone can be confirmed 
at this relatively late stage.

Day 1: LHR BA flight to Seattle. Overnight 
near airport.

Day 2: Seattle – Mt St Helens – Chehalis (150 
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miles). Overnight Chehalis, Wa.

Day 3: Chehalis – Mt Rainier– Ellensburg (220 
miles). Overnight Ellensburg, Wa.
The first two days will be spent looking at two of 
the most well known volcanoes of the Cascade 
chain – Mt St Helens and Mt Rainier. Mount 
Rainier is one of the active volcanoes forming 
the 700-mile-long Cascade volcanic arc in which 
there are some 160 volcanoes. At 14,410’ it is 
the highest peak in the Cascade Range and is 
capped by snow and 25 glaciers. It last erupted 
in 1894-95, when small summit explosions were 
reported by observers in Seattle and Tacoma. 
Mt St Helens lies 50 miles south of Rainier 
and is renowned for the 1980 eruption which 
reduced its height from 9,677’ to 8,365’. The 
Cascade volcanic chain is an arc system form-
ing part of the Pacific ring of fire. This arc is the 
remnant of what was a continuous subduction 
and arc system along the western USA coastal 
region. Collision of the mid-Pacific rise against 
the subduction zone has resulted in the gradual 
northward replacement of the destructive margin 
between the N American and Pacific plates by 
the transcurrent San Andreas fault system. The 
remnant of the former Farallon plate, termed the 
Juan de Fuca plate, is subducting along the NW 
USA coast from north California into southern 
Canada and gives rise to the Cascade arc. The 
products of these stratovolcanoes are dominat-
ed by intermediate volcanic rocks of andesitic 
compositions and the variety of extrusive and 
explosive products (pyroclastic air fall and flow 
deposits) will be seen.

Day 4: Ellensburg – Vantage– Dry Falls – Pas-
co (200 miles). Overnight Pasco, Wa.  
A little distance east of Yakima the route enters 
the world’s youngest Large Igneous Province 
of the Columbia River Flood Basalts with an 
estimated volume of 42,000 miles3 and which 
erupted mainly in the period 17 – 14 Ma. Over 
350 lava flows have been documented, some ex-
tending for hundreds of miles. Many of the river 
gorges expose layer after layer of lava flows many 
showing excellent columnar jointing. 
This area in eastern Washington is an area known 

as the Channeled Scabland, which is a barren, 
relatively soil-free landscape scoured clean by 
cataclysmic floods in the period 18,000-13,000 
years ago. The Cordilleran ice sheet extending 
south from Canada had a number of lobes that 
resulted in the damning of rivers and causing the 
formation of the massive glacial lake Missoula 
that held up to 500 miles3 of water. Occasional-
ly the ice lobes damning the lake collapsed and 
so released huge volumes of water over a period 
of days that eroded the distinctive landscape. 
Evidence of such massive flood waters is seen in 
the formation of coulees, valleys with rectangular 
cross section, with flat plateaus and steep canyon 
sides, scalloped precipices such as Dry Falls that 
is 3.5 miles wide with a cliff of 400’, immense 
potholes and ripples many feet in size, along with 
large erratic boulders that cover the valley floors. 
At the onset of the Columbia River basalt erup-
tions, the eastern Washington was a wet, humid 
ecosystem dominated by swamps, shallow lakes 
and forests in which ginkgo and sequoia forests 
thrived. This was covered by ash and basalt and 
many of the trees were petrified.

Day 5: Pasco – Boise – Mt Home (335 miles). 
Overnight Mt Home, Id.
Mainly a travel day southeast along I90, which 
for the first half is across the extensive Tertiary 
volcanic outcrop. The second half of the journey 
crosses the huge Idaho Batholith which intruded 
at ~ 70-80 Ma and covers ~ 15,400 square miles 
in central Idaho. The batholith formed by upris-
ing basic magma formed from the subducting 
Farallon plate melting the leading edge of the N 
American continental crust.

Day 6: Mt Home – Craters of the Moon – Rex-
burg (245 miles). Overnight Rexburg, Id.
Mountain Home lies on the southwestern edge 
of the Snake River Plain at its junction with 
the Columbia basalts. The 400 mile long Snake 
River Plain cuts through the central Rocky Mts 
and marks the track of a hot spot over the past 
17 Myr as the North American plate moved 
westward. The Craters of the Moon National 
Monument located towards the centre of the 
plain provides the most spectacular display of 



Page 27

WEGA Newsletter

December 2014

basaltic volcanism in the mainland United States. 
It is a large lava flow field of aa and pahoehoe 
types, along with cinder cones, spatter cones, lava 
tubes, volcanic bombs and tree molds. There are 
55 cones with lava flows and 14 fissures, many of 
which have spatter cones. There is a Great Rift 
forming a line of cones and lava vents that runs 
for 13 miles through the monument. The volcan-
ic sequence formed in eight major eruptive peri-
ods between 15,000 and 2000 years ago with the 
youngest lavas being ~ 1500 to 2000 years old. 
The journey from Craters of the Moon north-
eastwards towards Rexburg is initially along the 
boundary between the NW-SE trending units of 
the northern Rockies and the Snake River Plain. 
The route then crosses eastwards over the full 
width of the plain.

Day 7: Rexburg – Old Faithful – West Thumb 
(130 miles). Overnight Yellowstone, Wy.

Day 8: Yellowstone Park (120 miles). Over-
night Yellowstone, Wy.
From Rexburg the journey continues northeast 
and crosses from the Snake River Plain onto the 
Yellowstone plateau. Yellowstone the World’s 
first National Park, was established in 1872. It is 
the site of a super-volcano with a massive caldera 
structure, which has erupted several times with 
great violence over the last 2 million years. The 
park is covered with extensive deposits of frag-
mental volcanic deposits (ash fall and flow/ig-
nimbrite deposits) as well as lava flows including 
the famous obsidian cliff.
The present position of the hot spot is beneath 
Yellowstone and there is a magma chamber 
some 40 x 20 miles in size lying at a very shallow 
depth of 3-7 miles. The present caldera formed ~ 
640,000 years ago with an eruption that released 
~ 240 miles3 of pyroclastic materials. An example 
of the deposit from this eruption is the Yellow-
stone tuff at Golden Gate in the north of the 
park, with a 200’ thick sequence of ash-flows. It is 
the cooling magma system at depth that has es-
tablished extensive convective hydrothermal cells 
and so given rise to the geysers and half of the 
world’s examples of geothermal features. There 
are numerous geyser basins in the park (Midway, 
Norris, Biscuit, Black Sand), with the thermal 

waters showing a wide range of vibrant colours. 
These colours arise from “thermophiles”, which 
are microorganisms living at different tempera-
tures within a hot spring and as the outflowing 
water cools one set is replaced by another leading 
to the colour gradation.
In the north east of the park is the Grand Can-
yon of the Yellowstone, a 1200’ deep canyon 
with a 300’ waterfall. The section in the canyon 
exposes a variety of the pyroclastic deposits and 
lava flows all of which are extensively altered and 
coloured by the hydrothermal activity. 
In the north of Yellowstone are Mammoth Hot 
Springs that represent a quite different thermal 
area to elsewhere in the park; here the springs 
precipitate travertine (carbonate) rather than 
sinter (silica). Hot water flows from Norris 
to Mammoth along a fault line and dissolves 
carbonate from the underlying the Madison 
limestone (Pennsylvanian) and then surfaces at 
Mammoth, generally at about 170° F, precipitat-
ing the travertine as it cools.

Day 9: West Thumb – Grand Tetons – Jackson 
(100 miles). Overnight Jackson, Wy.
The route south out of Yellowstone comes off the 
Quaternary volcanics and back into the Rocky 
Mt sequences, as marked by the N-S-trending 
Teton Range that rises with spectacular grandeur 
5,000 - 7,000 feet above the floor of Jackson 
Hole. The Teton Range is an upfaulted block of 
Precambrian metamorphic rocks, with west-dip-
ping Palaeozoic sedimentary rocks on the west 
flank of the range. The Precambrian rocks are 
Archean (2.7 – 2.5 Ga) some of the oldest in N 
American, and are intruded by black 0.8 Ga ba-
saltic dykes. This fault block is very young - prob-
ably less than 7 million years, and there has been 
25,000 to 30,000 feet of displacement along the 
bounding fault. Lying at the foot of the Tetons is 
Jackson Hole named after a fur trapper, David E. 
Jackson, a town that has a “cowboy and cosmo-
politan” character.

Day 10: Jackson – Fossil Butte – Green River 
(240 miles). Overnight Green River, Wy.
The route south follows N-S thrust faulted 
blocks of Palaeozoic and Mesozoic units of the 
central Rockies. The route then turns southeast 
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and crosses into an Eocene lacustrine sequence, 
the site of Fossil Butte. This 50 Ma sedimentary 
sequence contains fossilized fishes, insects, plants, 
reptiles, birds, and mammals that are exceptional 
for their abundance, variety, and detail of preser-
vation.

Day 11: Green River – Manilla – Vernal (110 
miles) Overnight Vernal, Ut.
From Green River, the road continues south 
across a Tertiary basin, and from Manilla south-
wards on Utah highways 44 and 191, around the 
Flaming Gorge area, the scenic route is known as 
the “Drive through the Ages”. Here the Precam-
brian sedimentary core of the Unita Mountains 
has been fault uplifted and on both the northern 
and southern edges of the uplifted block, Tri-
assic through to Jurassic sequences steeply dip 
north and south off the block. The road traverses 
through these varied sequences and at each new 
formation a road sign gives the geological infor-
mation.
The sheep creek geological drive displays a com-
plete section through the northern section with 
the Upper Palaeozoic and Mesozoic sequences 
clearly seen in fault juxtaposition with the Pre-
cambrian red-beds.

Day 12: Vernal – Dinosaur Monument – Gran-
by (260 miles). Overnight Granby, Co
A short distance east from Vernal is Dinosaur 
National Monument where the Carnegie quar-
ry is now housed in a large building in which a 
steeply dipping sandstone unit of the Jurassic 
Morrison formation encloses ~ 1500 bones. In 
this sandstone, bones of allosaurus, apatosaurus, 
camarasarurus, diplodocus and stegosaurus, along 
with others, are easily visible.
After Dinosaur Monument the route heads east 
and shortly passes through the run-down town 
of Dinosaur, where all streets are named after 
these fossils!
The rest of the route is across Upper Palaeozoic 
and Cretaceous sequences, with in the distance 
the 14,000’ peaks of the Rocky Mountain frontal 
ranges visible. 

Day 13: Granby – Estes Park – Boulder (100 
miles). Boulder, Co

The route from Granby enters the Rocky Mt Na-
tional Park – a park that exhibits the spectacular
features of the Central Rocky Mountains frontal 
ranges. This section of the frontal ranges forms a 
~ 175 mile N-S length by ~ 50 mile wide block 
of crystalline Precambrian basement that has 
been fault uplifted, and form many of the 50+ 
mountains that rise to over 14,000’. These frontal 
ranges tower about the Mesozoic rocks of the 
high plains on which the city of Denver sits at ~ 
5,000’. The Trail Ridge road into the park reaches 
a height of 12,183’, well above the tree line and 
in an Alpine ecosystem. The route south out of 
the park runs south towards Boulder, with a long 
linear set of flatirons dipping steeply eastwards 
beautifully exposed. These flatirons are formed 
of conglomeratic sandstones that represent drag 
on the frontal fault as the Precambrian basement 
was uplifted.

Day 14: Boulder - Red Rocks - Dinosaur Ridge 
- airport (110 miles). Overnight flight
to LHR
Just west of Denver is the faulted contact be-
tween the Mesozoic rocks of the high plains and 
the Rocky mountain frontal ranges – a feature so 
marked that it even merits a sign on the Freeway 
(I40) pointing to its geological interest.
Close by is the Red Rocks park where Upper 
Palaeozoic and Cretaceous sequences dip steeply 
east off the up-faulted Precambrian basement, 
representing a time gap of nearly 1,500 million 
years!
The final stop of the trip is at Dinosaur Ridge 
area which is a famous dinosaur fossil locality 
in the Morrison and Dakota Formations of the 
Jurassic and Cretaceous respectively. The world’s 
first recorded example of Stegosarus was found at 
this site, along with many other types including 
Apatosaurus, diplodocus and allosaurus. The site 
shows good sequence through the Morrison and 
Dakota with examples of bones and really amaz-
ing large examples of diplodocus footprints.


