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Lectures

10th January 2017  Dr. 
Frances Cooper (Univer-
sity of Bristol)  Tectonics, 
Climate, and Copper in the 
Central Andes

7th February 2017  Dr. 
Richard Scrivener  Metal 
mining in South-west : Past 
production and future pros-
pects.

14th March 2017  Profes-
sor Paul Pearson (university 
of Cardiff)  Subject to be 
confirmed.

25th April 2017  Annual 
General Meeting  Changes 
to the Constitution, Election 
of the Committee, Slide 
show of NW USA excursion, 
Wine and cheese.

Excursions

There are no excursions 
planned. 
The previously adver-
tised excursion to the 
Volcanoes of Italy may 
take place in early sum-
mer 2018.  Watch this 
Space!!!

Diary 
Dates

The future of Field trips organised by 
WEGA?

Doug Robinson

When WEGA was es-
tablished in 1975, field 

trips were very popular and 
well-attended. The constitution 
documents that there should 
be a yearly programme of Field 
Meetings, with at least half 
being day excursions. Unfortu-
nately over the past decade it 
has not been possible to have 
such an active schedule of trips, 
with there being difficulty in 
filling the role of Field Sec-

retary, which has now been 
vacant for many years.

 Not only has it proved 
impossible to fill the Field 
Secretary, but for several years 
other Officer positions have 
also proved difficult to fill, and 
a situation arose that the 2012 
AGM would involve dissolu-
tion of the Group. Fortunately 
that did not happen, but the 
situation regarding the running 
of field trips remains problem-
atic. 

WEGA looking at Mount Rainier, North West USA
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The Group has advertised a small 
number of residential and day trips over the 
past few years, but reaching the required 
number of participants to make them viable 
has proved difficult. 

It has proved possible to run some 
substantial trips such as to Naxos, Greece; 
Northern Pennines, Brittany and two trips 
to the USA including the Colorado Plateau 
and NW USA. However, other advertised 

trips such as to Tenerife, 
Italian Volcanoes and Dingle 
failed to get sufficient partici-
pants to make them viable. 

The planning and 
organisation, whether for 
residential or day trips, does 
take quite some time and 
effort, and would be easier to 
arrange if more people were 
willing to be involved in the 
planning for the geology, 
logistics, timing and coordi-
nation. 

Without that input, 
then the committee feels it 
appropriate that the forth-
coming AGM in April 2017 

should consider the need to amend the 
constitution so that the Group becomes a 
lecture-only organisation. The formal noti-
fication of any such item being put before 
the AGM will be circulated with notice of 
the AGM. 

In the meantime, if you have 
any comments or suggestions on this 
issue, then please email them to the 
secretary

WEGA in Brittany

WEGA in the Colorado Plateau, USA

WEGA in the North Pennines
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Bradshaw's Cave

It was news to your editor, but not very sur-
prising, to be told that WEGA's President, 
Dr Reg Bradshaw had a cave in the Mendips 

named after him. He had discovered the cave in 
1970.

It is described in the Mendip Cave Reg-
istry and Archive as " Entrance crawl leads to a 
squeeze through boulders to a fault-aligned passage 

which varies between crawling and walking sized. 
Terminates in a choke close to the surface."

The location is shown in the illustrations 
below. Its OS Grid reference is ST 7100 4541 
and its lat/lon is 51.20716, -2.41651.

If you have visited the cave please let us 
know. As a retired gold mine geologist the editor 
only goes underground if he is paid for it - pref-
erably in gold!

http://www.mcra.org.uk/registry/sitedetails.php?id=2699
http://www.mcra.org.uk/registry/sitedetails.php?id=2699
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A Geologist Visits the Wallace Collection

Graeme Churchard

The Wallace Collection in Manchester 
Square, just north of Oxford Street in 
London is well worth a visit. Not only 

is entrance free but there is a vast quantity of 
stuff to see. And for the geologist many of the 
works include spectacular marbles and other 
wonderful rocks. Don't take your hammer.

The collection was created by Richard 
Seymour-Conway, 4th Marquess of Hertford 
(1800–1870), who was estranged from his fam-
ily and did not marry. He left it to his illegiti-
mate son Sir Richard Wallace (1818–1890). His 
widow left it to the nation. In 1883 Sir Richard 
won a Silver medal at the Smithfield Show as 
breeder of the best "Single Pig". He did not live 
at Blandings Castle! The more you look at it, the 
more interesting Victorian Society becomes. 

The first thing which caught my attention 
was a chest of drawers with an unusual top. The 
label said it had a griotte marble top. Griottes 
are Morello cherries in French. The marble is a 

bright red and rather beautiful. 
Being an art collection rather than a 

geological museum, one is fortunate if the label 
tells you what the rock is. There is little chance 
of being told where it comes from or any infor-

mation of interest to the geologist.  So the jasper 
in the vase shown above comes from somewhere 
unknown.  But the rock is nice and rather better 
than the gilded bronze.

The colourful top of the cabinet is not 
enough decoration for the maker.  On the front 
he has a small panel of pietre dure - a sort of 
three dimensional marquetry, using highly 
coloured marbles.

But if you consider three dimensional 

Griotte marble. The "cherries" are goniatites, 
some are filled with calcite - this is known as 
"œil de perdrix" or "eye of the partridge". The 

original quarries are north east of Carcassonne

A vase and cover carved from a wonderful red 
jasper

This is the top of a cabinet made of Brocatello 
Marble. It has been quarried near Tortosa, 

Catalonia since the 1st century BC.

http://wallacelive.wallacecollection.org/eMuseumPlus?service=direct/1/ResultLightboxView/result.t2.collection_lightbox.$TspTitleLink.link&sp=10&sp=Scollection&sp=SfieldValue&sp=0&sp=2&sp=2&sp=Slightbox_3x4&sp=0&sp=Sdetail&sp=0&sp=F&sp=T&sp=0
http://wallacelive.wallacecollection.org/eMuseumPlus?service=direct/1/ResultLightboxView/result.t1.collection_lightbox.$TspTitleImageLink.link&sp=10&sp=Scollection&sp=SfieldValue&sp=0&sp=6&sp=2&sp=Slightbox_3x4&sp=0&sp=Sdetail&sp=0&sp=F&sp=T&sp=0
http://wallacelive.wallacecollection.org/eMuseumPlus?service=direct/1/ResultLightboxView/result.t2.collection_lightbox.$TspTitleLink.link&sp=10&sp=Scollection&sp=SfieldValue&sp=0&sp=5&sp=2&sp=Slightbox_3x4&sp=0&sp=Sdetail&sp=0&sp=F&sp=T&sp=0


WEGA Newsletter 52

Page 5January 2017

marble marquetry a bit over the top there are  
many examples of two dimensions. But I do not 
think you can call them restrained!

These last two examples are examples of 
the work of highly skilled artists. There are exam-
ples of wonderful rocks which have been chosen, 
shaped and highly polished. No doubt that takes 
some skill too.

Breccias are another very popular deco-
rative stone used in the fine furniture seen in the 
Wallace Collection. 

All these objects and pieces of furniture 
are expertly made and very well preserved. The 
rocks represented are unusual and colourful and 

spectacular - otherwise they would not have been 
used! 

They are meant to impress the viewer 
with the wealth of the person who had them 
made. Some of them also impress us with the 
taste of the owner, others do not. I am reminded 

of someone who said "I didn't know you could 
spend a million pounds in Woolworths."

But one shouldn't mock! It is works such 
as these and there present day equivalents, which 
keep many crafts alive. An object can be skilfully 
made even if it is in extremely bad taste!

My favourite bad taste object in the 

Swag of pietre dure fruit on front of cabinet

A table with a marble marquetry top. Detail 
below.

Sicilian jasper top of chest of drawers

Top of chest of drawers made of brèche d'Alep 
marble. Apparently this comes from Mont Ste 

Victoire, near Aix-en-Provence

http://wallacelive.wallacecollection.org/eMuseumPlus?service=direct/1/ResultLightboxView/result.t2.collection_lightbox.$TspTitleLink.link&sp=10&sp=Scollection&sp=SfieldValue&sp=0&sp=4&sp=2&sp=Slightbox_3x4&sp=0&sp=Sdetail&sp=0&sp=F&sp=T&sp=0
http://wallacelive.wallacecollection.org/eMuseumPlus?service=direct/1/ResultDetailView/result.tab.link&sp=10&sp=Scollection&sp=SfieldValue&sp=0&sp=5&sp=2&sp=SdetailView&sp=0&sp=Sdetail&sp=1&sp=F&sp=SdetailBlockKey&sp=0


WEGA Newsletter 52

Page 6 January 2017

Collection is The Temptation of St Hilarion by 
Dominique Papety. Nothing particularly geologi-
cal about it but I love the combination of a naked 
lady, good food and the rejection of both by the 
saint. Meanwhile we can ogle them and feel good 
that St. Hilarion is rejecting them so we don't 
have to.

The Wallace Collection is well worth a 
visit. The decorative stones alone make the visit 
worthwhile. In addition there are many world 
famous works of art, ceramics, armour  and stat-
uary. 

And as I wrote at the start - entrance is 
free!

Another chest of drawers with a violet brec-
cia marble top. This may come from Seravez-

za, not far from Carrara, Italy

This top is also violet breccia marble

This top is described as brèche violette marble

The Temptation of Saint Hilarion by Dominique Papety

http://wallacelive.wallacecollection.org/eMuseumPlus?service=direct/1/ResultLightboxView/result.t2.collection_lightbox.$TspTitleLink$1.link&sp=10&sp=Scollection&sp=SfieldValue&sp=0&sp=3&sp=2&sp=Slightbox_3x4&sp=0&sp=Sdetail&sp=0&sp=F&sp=T&sp=2
http://wallacelive.wallacecollection.org/eMuseumPlus?service=direct/1/ResultLightboxView/result.t2.collection_lightbox.$TspTitleLink.link&sp=10&sp=Scollection&sp=SfieldValue&sp=0&sp=6&sp=2&sp=Slightbox_3x4&sp=0&sp=Sdetail&sp=0&sp=F&sp=T&sp=0
http://wallacelive.wallacecollection.org/eMuseumPlus?service=direct/1/ResultLightboxView/result.t2.collection_lightbox.$TspTitleLink.link&sp=10&sp=Scollection&sp=SfieldValue&sp=0&sp=7&sp=2&sp=Slightbox_3x4&sp=0&sp=Sdetail&sp=0&sp=F&sp=T&sp=0
http://wallacelive.wallacecollection.org/eMuseumPlus?service=direct/1/ResultLightboxView/result.t2.collection_lightbox.$TspTitleLink.link&sp=10&sp=Scollection&sp=SfieldValue&sp=0&sp=8&sp=2&sp=Slightbox_3x4&sp=0&sp=Sdetail&sp=0&sp=F&sp=T&sp=0


WEGA Newsletter 52

Page 7January 2017

Introduction for January's Lecture

Dr Frances Cooper has written the following 
as an introduction to her lecture, which is 

to be given on Tuesday 10th January, 2017.

Tectonics, Climate, and 
Copper  

in the Central Andes

The Atacama Desert, on the western side 
of the Central Andes in northern Chile 
is one of the driest places on Earth and 

is thought to have been dry since at least the 
middle Miocene. The region is also notable for 
its abundance of giant copper deposits, many of 

which have been enriched by the interaction with 
groundwater when the climate was wetter. It has 
been suggested that the onset of aridity in the 
region was caused by uplift of the Andes, which 
blocked moisture travelling from the east. How-
ever, others have suggested that the arid climate 
could have been established much earlier, long 
before Andean uplift. 

In my talk, I will explore the relationship 
between Andean uplift, aridity, and the end of 
copper enrichment in northern Chile, which is 
important not only for our understanding of tec-
tonic and climatic processes, but also for mining 
company exploration strategies, and where they 
might seek to find the next “big one”.

g c a X w V w Z f c h
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Introduction

After a long flight, fifteen people gathered in 
a hotel near Seattle Airport. We were part 

of an excursion, organised by WEGA (the West 
of England group of the Geologists' Association) 
to look at the geology of the North West part of 
the USA. The leader of the group was Dr. Doug 
Robinson, lately of the Earth Sciences Depart-
ment of Bristol University and Chairman of 
WEGA.

We were to travel by self driven hired cars 
from Seattle to Denver by way of:-

• Mt St Helens
• Mt Rainier
• The Scablands
• Craters of the Moon
• Yellowstone
• Grand Tetons

• Fossil Butte 
• Flaming Gorge
• Dinosaur National Monument
• Rocky Mountain National Park
• Rocky Mountain Front

Then fly back to London from Denver

And we accomplished all that, cover-
ing over 4,200 km of driving, staying in twelve 
different hotels and, in my case, taking over 1600 
photographs!

The map on this page shows our route, as 
recorded by my GPS.

As usual Doug Robinson, provided us 
with a couple of superb handouts. There is a short 
(only 9 pages!) canter through the geology of 
North America, especially the western part. You 
can download it HERE.

WEGA in the North-West USA - 
Part I

https://app.box.com/s/2x3xsjwyju9k99wvdbf9eci035m7zp2x
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On this, our first day, we drove down In-
terstate I-5 to Chehalis, where we were 

to spend the night and then on to the Johnston 
Ridge Observatory from which we could observe 
Mount St. Helens. 

The Observatory is named after Dave 
Johnston, a USGS geologist, who, with his 
colleagues, persuaded the authorities to close 
the area despite much pressure to keep it open. 
When the volcano erupted on May 18, 1980, 57 
people, including Dave Johnston, died. The death 
toll would have been much higher if there had 

been open access to the area.

The eruption actually happened because 
of what, at first glance, was fairly innocuous. The 
mountain was bulging as magma rose into the 
mountain. The mountain slope became unstable 
so part of the bulge slipped down the mountain. 
This removal of material led to a reduction of 
pressure in the magma chamber, gas came out 
of the magma instantaneously, everywhere. The 
magma expanded into a very hot foam. (Think 
of opening a well shaken Coca Cola bottle). The 
foam went upwards and outwards travelling at 
up to 650 miles per hour. And with tempera-

And he also provided a 70 page block-
buster giving details of most of the places we 
visited. Virtually all the geology which you will 
find in this article comes from this. You can get it 
from HERE.

There is also a handout showing all the 
details of routes, hotels, restaurants to be used 

along the route. It will probably be out of date by 
now but you can get it HERE.

There is far too much to cover in one arti-
cle so I will split my story into two parts. We had 
fourteen days of geology so this part will cover 
days 1 to 7. Days 8 to 14 will appear in the next 
Newsletter.

Day 1 - Seattle to Chehalis - with an excursion to Mount St 
Helens to see the affect of the 1980 Eruption

https://app.box.com/s/6jewk0g015ah1j48dy1yih8enkayhyiw
https://app.box.com/s/4mbvy3hu5mgl7773drjxz3bepzu1ynrq
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Mount St Helens from the Johnston Ridge Observatory. All the foreground, and much of the mountain, con-
sists of volcanic ash blown out of the mountain on the 18th May, 1980.

A new lava dome is developing in the crater. Nowadays a very close eye is kept on the volcano.
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tures possibly up to 700°C one should avoid such 
situations!

The amount of energy released must have 
been massive. As we got closer to the mountain 
we saw that all the older trees had been felled and 
were all pointing in the same direction - away 
from the mountain. The standing trees post-dated 
the eruption.

The amount of material ejected was tre-
mendous but difficult to measure. There was 

• Landslide and debris avalanche - 
2.8km³

• Lateral blast -  
0.19km³

• Eruption column and cloud -  
1.1km³

• Pyroclastic flows -  
0.12km³

This makes a grand total of 4.2km³, but 
much of this is unconsolidated material. But the 
mountain did lose 401m in height.

View north from the Observatory. A close look will show a myriad of fallen tree trunks, all lying in the same 
direction.

Inside the Observatory. This tree was growing 14 
km from the volcano. The lateral blast reached it one 

minute after the eruption and snapped the trunk.
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View from Loowit Overlook. The valley has been filled with ash. Note the felled tree trunks. All the growing 
trees are young

A side trip to see the ash in more detail - walk-
ing through the woods 

View of the volcanic ash from across the North 
Fork of the Toutle River
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There is very little "solid" rock to be seen. 
Volcanic ash is what you see and there is a lot 
of it to be seen! From the Observatory most of 
the mountain and all of the valley in front of the 
mountain is ash. Stream erosion is busy moving 
the ash downstream and much work has taken 
place to mitigate the damage and disruption this 

causes.

After being impressed by the power of the 
eruption we returned to Chehalis and had our 
first taste of small town America.

Day 2 - Chehalis to Ellensburg - Passing through the Cascades 
and viewing Mount Rainier in the Sunshine

Our route for the day was through Mount 
Rainier National Park to Ellensburg. 

Mount Rainier (often pronounced rainier (as 
in rain) because it can be damp!) is a Quater-
nary volcano sitting on a basement of Miocene 
granodiorite. It may still be active - the last 
known eruption being sometime between 1820 
and 1853. But there may have been an eruption 
in 1894.  If Mt. Rainier were to erupt as pow-
erfully as Mount St. Helens did in its May 18, 
1980 eruption, the effect would be cumulatively 
greater, because of the far more massive amounts 
of glacial ice locked on the volcano compared to 
Mount St. Helens, the vastly more heavily pop-
ulated areas surrounding Rainier, and the simple 
fact that Mt Rainier is a much bigger volcano, 
almost twice the size of St. Helens. Lahars from 
Rainier pose the most risk to life and property, as 
many communities lie atop older lahar deposits. 

It is the highest mountain in the Cascades 
with an elevation of 4,392 m (14,411 ft). As we 
were to discover later that day, the Cascades form 
a barrier to wet winds blowing eastwards from 
the Pacific. Most of their rain falls on their west-
ern slopes and not much is left for the area to 
the east. One feels one has arrived in a different 
country when you get onto the high, dry, plains 
east of the Cascades.

After leaving the Interstate we travelled 
through countryside with lots of trees and hills. 
There were lots of saw mills and timber yards - 
lumberjack country. Then we got into the Na-
tional Park where we started to see the really big 
trees. There has been no logging for more than a 
century in the park - and it shows!
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Christine Falls gets the photographic attention it deserves!

Mt Rainier from Ricksecker Point. The lower slopes are Miocene granodiorite, the cone is Quaternary 
volcanics. The granodiorite is glaciated, the volcanics post-date the glaciers. But there are small, mountain, 

glaciers on the cone.
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We were gaining altitude as we crossed 
the Miocene granodiorite. Eventually we came to 
Christine Falls and had our first photo stop.

We then moved on to Ricksecker Point 
where we had good views of Mount Rainier. We 
were told that this is quite unusual. Many people 
have visited the park and never seen the moun-

Narada Falls with rainbow and columnar jointing
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Pinnacle Peak from the trail down to Narada Falls. I suspect this jagged peak was a nunatak above the ice 
sheet and suffered freeze and thaw weathering

The view from Bench Lake pullout. The cone of Recent Mt Rainier sits on the Tatoosh granodiorite of Mio-
cene age
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tain because of mist, clouds, rain, snow or other 
climatic phenomenon.

We then moved on to Narada Falls. This 
is where the Paradise river flows over an ande-
sitic lava flow. There is end-on columnar jointing 
which is  believed to have formed by chilling of 
the lava against a glacier filling a former river 
valley.

Also from the trail down to the falls we 
had a view of, what I believe is, Pinnacle Peak..

The next stop was at the Bench Lake pull-
out where we had views of Mt Rainier (again!), 
Stevens Canyon and Stevens Ridge. Here you 
can see the cone of Mount Rainier sitting on the 
peneplained Tatoosh (Miocene) granodiorite. 
Stevens Canyon is a glacial valley.

Our next stop was Box Canyon Over-

look where there were two items of interest. The 
first was a roche moutonnée - a rock surface 
smoothed and rounded by moving ice. The down 
stream side is "plucked" by the ice and is rough-
ened and cliff-like.

The second was the box canyon of the 
Muddy Fork, cut into the volcanic bedrock, 
forming a gorge 180 ft deep and less than 30 ft 
wide.

Our final stop was to look at the Colom-
bia River Basalts with their characteristic co-
lumnar jointing, and here overlain by the Tieton 
andesite flow - the world'd longest andesite flow 
with a length of 49 miles from its source at Goats 
Rock volcano.

After that it was a long drive to Ellens-
burg. Compared to the green fields and forests of 
the western side of the Cascades, here we were in 

The box canyon

Roche moutonnée at Box Creek. Note the stri-
ations (scratches) which give the direction of ice 
movement. The ice moved from Mt Rainier. The 

plucked end of the roche is behind us.
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a dry, dusty, almost desert landscape.

The Tieton andesite overlying columnar jointed Colombia River Basalts, on the banks of the Tieton river

Day 3 - Ellensburg to Pasco - Columbia River Basalts, The Chan-
neled Scablands, Fossilised Trees and a Dammed River

The focus of this days geology was the Co-
lumbia River Basalt and the Channelled 

Scablands. 

The Columbia River Basalt (or CRB) is 
a flood basalt and is an enormous volume of lavas 
- 174,300 km³ or 41,800 cubic miles! The move-
ment of so much material from the sub-surface 
to the surface led to the sinking of the previous 
land surface and the development of the Colum-
bia Basin. As a result the lava pile is more than 
3.5km thick in places. Most of the basalt erupted 
between 17 and 15.5 million years ago.

There are two main theories concerning 
the formation of the CRB. One posits a mantle 
plume, which is now below Yellowstone. The oth-

er involves crustal thinning as a result of back-arc 
spreading behind the Cascade Arc. A discussion 
of this is beyond the competence of this author 
but Doug's notes give a good introduction to the 
theories.

The Channelled Scablands are an area 
much affected by catastrophic flooding caused 
by the periodic failures of ice dams holding back 
huge volumes of water. This occurred when ice 
sheets pushing south from Canada disrupted the 
normal stream flows. In particular the Clark Fork 
River, a tributary of the Priest and, eventually, the 
Columbia River, was blocked by an ice dam. A 
huge volume of water built up behind this dam - 
figures of 500 miles³ are mentioned. And it goes 
by the name Glacial Lake Missoula. 

http://churchard.com/NW_USA/day-3---geological-background.html#crb
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The ice dam failed, and after each failure 
reformed, until the end of the Ice Age. And there 
were many failures, maybe as many as 40. Each 
failure released a torrent of water hundreds of 
feet deep, which swept in a southwesterly direc-
tion towards the sea. It gouged the huge coulees 
of eastern Washington, ripping out sediment 
and basalt rock, and stripping soil and vegetation 
from thousands of square miles of land in the 
Columbia Basin. You can get more information 
HERE.

It took a long time for this explanation of 

the areas landforms to gain acceptance. Much of 
this was due to American geologists being strong 
advocates of Lyell's dictum that "The present is 
the key to the past." - Uniformitarianism. And to 
the perception that the ice dam failure explana-
tion was far too akin to the catastrophist teaching 
of evangelical preachers. And giving encour-
agement to them was not on the agenda of any 
self-respecting geologist. 

Eventually the gathering of evidence and 
visits to the area led to the acceptance of the 
theory.

http://churchard.com/NW_USA/day-3---geological-background.html#channelled-scablands
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That was the overall picture; the details 
are what follows. 

We set out from Ellensburg and headed 
east to the Columbia River which like almost 
every river we saw on the trip was dammed, 
here by the Wanapum Dam. In the drier parts 
of Western USA there is a loathing for letting 
water "go to waste". So dams are built in every 
conceivable location irrespective whether it is 
a good idea or not. Thankfully, the folly of this 
is being realised and other water control and 
distribution methods are now being used.

We stopped at the Ginkgo Petrified 
Forest Interpretive Centre but at this time of 
year it is closed on Tuesdays. However there 
were many petrified logs about the place and  
we were able to take a few photos.

The Columbia River at Ginkgo Petrified Forest; looking over Wanapum Lake at the lava flows of the Co-
lumbia River Basalts

Petrified tree at the Ginkgo Petrified Forest
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Nearby there is a shop - the Ginkgo Gem 
shop - which was open and I bought a polished 
slab - shown above - of petrified sequoia. In 
this area the petrifying solutions come from the 
basalts and are mostly silica rich. So the result is 
a grey / white petrified log, unlike the reddish  / 
orange logs we found in Arizona.

Dougs notes tell us:-
In the Miocene Period (~15 Ma) the region 

was wet and humid, dominated by swamps and 

shallow lakes surrounded by 
forests. Trees such as swamp 
cypress grew on the edges of 
the lakes, while deciduous trees 
(ginkgo, maple, walnut, oak, 
sycamore and horse chestnut) on 
the hillsides. Higher elevations 
supported thick stands of Doug-
las fir, hemlock and spruce. 

The petrified trees in 
the Ginkgo Forest consist of 
all these trees, and they oc-
cur askew with no roots and 
branches. This suggest that the 
trees were not petrified in situ, 
but had been uprooted and 
transported into an area where 
they were later petrified. This 
might have taken place by the 
trees being stripped and trans-
ported by a volcanic blast into a 
lake, such as happened with the 
Mt St Helens eruption, or al-
ternatively by a severe flooding 
event. 

Later the area was 
engulfed by one of the Colum-
bia basalt flows, but the trees 
being water logged did not 
combust but became entombed. 
Circulation of silica-saturated 
waters, perhaps driven by the 
cooling flows, resulted in the 
petrifaction of the wood. The ice 
age Missoula floods then eroded 

the thick flows to reveal these 
petrified trees.

We then drove to Frenchman Coulée 
which is a dual coulee and cataract system creat-
ed by the floods when they spilled westward over 
the Evergreen Ridge, out of the southwest corner 
of the Quincy Basin. During the initial flooding, 
the difference in water levels between the flood-
filled Quincy Basin and the Columbia River 
immediately west of Evergreen Ridge was ~ 700’ 
over just a few miles. This incredible difference 

Cut and polished, petrified Sequoia from the shop near the Ginkgo Petri-
fied Forest Interpretive Centre, Vantage, Washington
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caused floodwaters to relentlessly eat away the 
underlying rock. Erosion continued for at least as 
long as it took for the water level in the Colum-

bia Valley to rise to about 1200 feet, or until the 
floodwater supply was exhausted.

Panorama of The Feathers

The Feathers in Frenchman Coulée. The "feathers" are massive columns of basaltic lava.

Our first stop in the coulée was at "The 
Feathers." This area is much used for outdoors 
activities - there were a whole bunch of kids be-
ing told all about rock-climbing when we arrived.

  
I don't know how they formed - they are a 

line of massive basaltic columns. Presumably the 
rest of the lava flow they were part of was eroded 
away. 

And there was certainly a lot of erosion 
happening in the vicinity. The next photo shows 
the coulée below the Feathers. A vast quantity of 
material has been removed to form a valley which 
nowadays is virtually dry. And I suspect the ero-
sion happened very quickly.
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View down Frenchman Coulée. You can appreciate the depth and width of the valley. It was eroded by flood 
waters racing towards the Columbia River at the end of the coulée.

Giant current ripples at West Bar. The ripples average 24 feet in height and are 360 feet apart and composed 
of boulders up to 4.5 feet in diameter. Based on ripple size and spacing, it is estimated that the flood waters 

were about 650 feet deep when they formed
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We then drove to Trinidad where we 
could look across the Columbia River and see 
the extraordinary giant ripples of the West Bar. 
The caption tells you of the extraordinary flood 
needed to create such ripples.

Our next and final stop was Dry Falls 
State Park. The Dry Falls are a 400’ high scal-
loped precipice extending for 3.5 miles, five 
times the width of Niagara Falls, over which it is 
estimated the water flowed at 65mph. The undu-

lating surface along the top of the cliff represent 
a series of channels where waterfalls once poured 
over the Dry Falls. Swirling currents at the base 
of the falls carved a basin that remains a natural 
lake at the base of the cliff.

And after that we had the long drive to 
our hotel in Pasco, one the Tri-Cities. The others 
are Richland and Kennewick and all lie on the 
Columbia River.

The Dry Falls. The remnants of a series of waterfalls and plunge pools that formed from the Spokane Flood, 
a great flood that occurred at the end of the Pleistocene Epoch when the moraine dam of a huge lake collapsed. 
The flood occurred sometime between 18,000 and 12,000 years ago. The lake possibly drained in a matter of 
days or weeks, causing water to spread across the relatively flat Columbia River plateau before finding pas-

sage to the Columbia River.

Panorama of part of the Dry Falls. When flowing this may have been one of the most spectacular waterfalls 
of all time.
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Day 4 - Pasco to Jerome - A Long Drive along the Oregon Trail

Today was a travelling day with very little 
geology. We drove the 420 miles from Pas-

co to Jerome so that we could have a full day at 
both the Scablands and the Craters of the Moon. 
The scenery was good especially when we drove 
alongside the Columbia River and over some of 
the hillier parts of the route. And the driving was 
easy - just rather a lot of it!

Our only stop was at the Oregon Trail 
Interpretive Center, near Baker City, Oregon. 
This was a surprisingly informative stop, being 
sympathetic to the Indian (sorry Native Ameri-
can) point of view.

Geological and historical background can 
be found HERE.

zx y zx

http://churchard.com/NW_USA/day-4-geological-background.html
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We did not linger in Jerome - there is not 
much to keep anyone in the place - and 

set off for the Craters of the Moon across the 
Snake River Plain. Here it is filled with volcanic 
rocks, commonly presumed to come from the hot 
spot currently under Yellowstone National Park. 
But this may not be so, as, among other prob-

lems, the Snake River Plain is bent, but the track 
of North America over the hotspot does not 
show a similar bend. Doug has an interesting dis-
cussion on this topic and it can be found HERE. 
If I understood it better I would write about it on 
this page but I know that anything I wrote would 
just be a rehash of someone else’s ideas.

Our main objective of the day was the 
youngest rocks infilling the Snake River Plain. 
These are the basaltic lava flows of the Craters of 
the Moon. The US Geological Survey has fairly 
recent publications - map and memoir - available 
for download from THIS SITE. Rather more 
information than most of us would want but it is 

a very pretty map.

The Craters of the Moon National Mon-
ument has 60 lava flows and of these the oldest is 
15,000 years old and the youngest 2,000 years. It 
contains many features and these will be illustrat-
ed in the pictures which make up the bulk of this 
section. A description of some of the features can 
be found HERE.

Day 5 - Jerome to Rexburg - Craters of the Moon

••••••••••••

http://churchard.com/NW_USA/day-5-geological-background.html
https://pubs.usgs.gov/sim/2007/2969/downloads/pdf/
http://churchard.com/NW_USA/day-5-geological-background.html#craters-of-the-moon
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Pahoehoe lava - the characteristic texture of free flowing basalt lava

Aa lava on the right, pahoehoe on the right. Pahoehoe often merges into aa as it becomes more viscous.
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A school group walking over the lava field. In the background is the green hill of an older volcanic cone which 
has become covered in vegetation by the passage of time.

Rafted blocks:- these blocks were part of a cinder cone ripped from the wall and transported like icebergs by 
the lava from the cone. 
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Age dating. The tree was dated as being 1,350 years old by means of annual growth rings. So the lava must 
be older - in fact it is 2,000 years old (using carbon isotope dating).

A tree mould. You can see the impression of the tree bark if you look closely and relax your standards of proof. 
It is not very good but it is the best I could find. HERE is a better one I photographed in Hawaii. Tree 

moulds form when a tree is overwhelmed by lava. Lava solidifies around the tree and takes on its shape.

https://photos.smugmug.com/Photos/Places/Americas/USA-2011/Hawaii/The-Big-Island/i-8kS5ztp/0/X3/Mauna%20Ulu%20(2%20of%2012)-X3.jpg
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A lava tube cave. This is one of the Buffalo Caves. You can see a larger lava tube cave photographed in Ha-
waii HERE.  As lava flows it solidifies on its surface and edges while the centre continues to flow. If lava 

flow into the tube ceases, the liquid lava in the centre of the tube can empty itself and leave a cave.

A small crater

https://photos.smugmug.com/Photos/Places/Americas/USA-2011/Hawaii/The-Big-Island/i-L9DF47Q/0/XL/Volcano%20National%20park%20(38%20of%2056)-XL.jpg
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Spatter Cones. These "miniature" volcanoes form during the final stages of a fissure type eruption. As gases 
escape and pressure is released, the lava becomes thick and pasty. When these sticky globs of lava plop to the 

surface, they pile up to form spatter cones.

The group looks into a spatter 
cone vent.
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Lava bubble at the spatter cones. The pasty lava is thick and large bubbles can form.

Wild flowers on the lava. These can grow on bare gravel. This is Monkeyflower - Mimulus nanus
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Wild flowers on the lava.
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Day 6 - Rexburg to Yellowstone - Geysers and Waterfalls

Rexburg feels very different from Jerome, 
our previous overnight stop. It seems more 

prosperous, probably because of the presence of 
Brigham Young University-Idaho, a Mormon 
foundation which has an annual equivalent of 
25,000 students. However you count, it is a lot of 
students in a town of Rexburgs size.

According to Wikipaedia, Rexburg is the 
"Reddest" community in the US. (Confusingly 
for anyone from outside the US, red is the colour 
of the Republican Party. I don't know what is the 
colour of the Communist Party in the US - per-
haps camouflage?) It is also described as being 
the political antithesis of San Francisco. 

In any case we had a pleasant enough stay 

in the town and set off in the morning for Yel-
lowstone.

For many of us, Yellowstone was the high-
light of our excursion. It has the largest number 
of geysers anywhere in the world and they are 
concentrated in small areas. It has the Grand 
Canyon of the Yellowstone which is spectacular 
by itself but also has two major waterfalls. 

The thermophilic archaea and bacteria 
found in many of the hot springs have led to 
re-evaluations of where life started on earth. 
There are the travertine terraces of Mammoth 
Hot Springs which are the largest of their kind 
in the world. And added to that is the wildlife 
which is found everywhere in the National Park.
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Our drive from Rexburg was unevent-
ful. We missed out on a tour of the landforms 
caused by the Hebgen Lake Earthquake of 1959. 
Doug decided that we had quite enough to see 
in Yellowstone without having that added to 
our programme. You can read all about what we 

missed HERE. When we got into the park we 
went straight to the Norris Geyser Basin but 
it was almost lunchtime and the car park was 
completely full. So that delight was postponed 
and we headed for the Grand Canyon of the 
Yellowstone.

Our first stop was at the car park at the 
"Brink of the Upper Falls" where we had 

lunch, took some photos and demonstrated that 
geologists can look at the details while putting 
the grand picture to one side - see the adjacent 
picture! We were looking at a block of ash with 
obsidian fragments.

From there we drove to Artist Point 
where many photographs were taken and much 
geology discussed.

http://churchard.com/NW_USA/day-6-geological-background.html
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The Upper Falls (109 ft.) of the Yellowstone River.

The Grand Canyon of the Yellowstone River below the Upper Falls. The canyon is deeply carved into heav-
ily altered rocks of the Canyon rhyolite flow (~484,000 years). The colours in the canyon are also a result of 
hydrothermal alteration, with most of the yellows in the canyon the result of iron present in the rock rather 

than sulphur.
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The Lower Falls of the Yellowstone (308 ft.).

The highly altered rhyolite of the Grand Canyon of the Yellowstone
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The Lower Falls and the Grand Canyon of the Yellowstone
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The car parks at the canyon were not as 
crowded as Norris so we were able to view 

the wonderful scenery of the gorge. Then we 
returned to Norris where we found the crowds 
were much diminished and we were able to park.

Doug's notes tell us:- 
Norris Geyser Basin is one of the larger, hotter, most 
changeable and more chemically complex thermal 
areas in the Park. Hydrothermal waters here consist 
of several distinct chemical types that result from 
variable mixing in shallow subsurface reservoirs.

The Back Basin trail has Echinus Geyser, 
pH= 3.3, with eruptions every 50-60 min, and 
Steamboat Geyser, the tallest active geyser in the 
world, but it erupts very rarely, with periods of dor-
mancy lasting decades, but when it does erupt, it can 

reach 115 m (380 feet).

The porcelain basin trail has many jetting 
fumaroles and acid pools. Above the porcelain basin is 
porcelain terrace with an acid-sulphate pool formed 
after the 1959 Hebgen Lake earthquake, which 
caused new fractures that allowed hot spring waters 
to leak sideways out to the side of the terrace.

Norris is also known for exhibiting thermal 
disturbances every year or so and are thought to be 
related to seasonal changes in groundwater recharge 
and fluid pressure in the hydrothermal reservoirs. 
They often result in increased thermal activity, in-
cluding: increased water turbidity, increased dis-
charge of thermal waters and steam, warmer ground, 
larger areas of warm ground, hydrothermal explo-
sions, rare geyser eruptions, and thermal features 
appearing in new places.
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The view of the Porcelain Basin from the Museum

I think this Black Growler Steam Vent, or it might be Ledge Geyser
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Porcelain Basin gets its name from the white sinter (silica) which covers the basin floor. Note the sinter flow-
ing down the slope on the right.

Cistern Spring in the Back Basin

Steamboat Geyser in the Back Basin. This, when it erupts, is the worlds tallest geyser. It does not erupt often!
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Day 7 - Yellowstone - Old Faithful and Grand prismatic Spring

Today was the day where we became most 
closely engaged with the geology of Yel-

lowstone. The unique feature is (to quote Doug) 
"the Yellowstone hotspot plume which rises from a 
depth of at least 700km in the Earth’s mantle, with 
some postulating it comes from 2,880km depth. The 
plume conduit is ~ 80km wide as it rises through the 
Earth’s mantle but then spreads out like a pancake at 
~ 65km depth." The original is HERE.

Recent (2015) seismic imaging has iden-
tified a previously unknown, deeper and larger 
(46,700km³) basaltic magma reservoir, with about 
2% molten rock. This reservoir is fed by hot and 

partially molten rock that rises in dykes from the top 
of the plume at 65km into the reservoir at ~ 45km 
depth. The top of this magma reservoir lies only at 
~19km deep, and is 48km north-west to south-
east and 70km south-west to north-east. A smaller 
(10,420km³) upper rhyolitic magma chamber lies 5 – 
15km beneath the Yellowstone caldera, and averages 
about 9 % molten rock, equivalent to ~ 900 km³. It is 
this upper magma chamber that was the immediate 
source of three cataclysmic eruptions of the past 2 Ma

These three eruptions formed three large 
calderas. 

http://churchard.com/NW_USA/day-7-geological-background.html#yellowstone
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1. Island Park caldera formed at 2.0 Ma 
and was some 144 x 96km in size, 
it is now largely covered by young-
er flows. The deposit formed from this 
eruption is known as the Huckleberry 
Ridge tuff which covered an area of ~ 
15,540km², with a total eruptive vol-
ume of ~ 2,500km³. In some areas the 
welded ash-flow tuffs from this eruption 
are more than 400 m thick! (This is the 
larger green and green dashed line in the  
diagram on the previous page.) See more 
HERE. 

2. Henry's Fork caldera formed at 1.2 Ma 
and is a smaller caldera of 16 km diame-
ter and restricted to the Island Park area 
southwest of the Yellowstone Plateau. 
This event produced the Mesa falls tuff 
covering an area of 2720km², with a 
volume of 280km³. This is the continuous 
green outline towards the south west of 

the diagram. 

3. Yellowstone caldera formed at 0.6 Ma, 
gave rise to the Lava Creek tuff cov-
ering an area of ~7,500km² and with 
a volume of 1,000km³. The caldera 
formed was 45km wide by 75km long 
that dropped several hundred metres, 
and which has been filled by post-calde-
ra flows and lake sediments. This is the 
purple outlined area.

The text in italics above is from Doug's 
notes. I have moved the order a little and 
changed the measurements to metric. But cubic 
kilometres are as difficult to comprehend as cubic 
miles! 

We drove from our accommodation at 
Canyon Village to Old Faithful, looked at the 
activity there and nearby, then returned with a 
stop to look at the Gibbon Falls.

Our Accommodation at Yellowstone. This had only just been opened and we were upgraded into it!

http://churchard.com/NW_USA/day-7-geological-background.html#island-park
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The Old Faithful Inn - the original accommodation in the park

Inside the Old Faithful Inn. I don't know how you would describe the style of this building - Lumberjack 
Gothic?
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Old Faithful - waiting for something to happen. While waiting, read all about this area HERE.

Old Faithful blowing its top

http://churchard.com/NW_USA/day-7-geological-background.html#old-faithful
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Looking across the Firehole River towards Castle Geyser.

Heart Spring - blue
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A colourful hot spring - yellow

Wave spring - orange

Chromatic Pool - orange, green and blue
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Giant Geyser

Riverside Geyser
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Boiling spring with colourful overflow, near the Firehole River

Shield Spring - clear
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On Firehole Lake Drive - 
White Dome Geyser erupting

After lunch we drove from the Old Faith-
ful area to Firehole Lake Drive to look at other 

geysers and hot springs. Read all about this area 
HERE.

White Dome Geyser in full flow

http://churchard.com/NW_USA/day-7-geological-background.html#firehole-drive
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We then went to the Midway Basin 
where we saw one of the best known features of 

Yellowstone - The Grand Prismatic Spring! Read 
about this area HERE.

Boiling water outflows from Excelsior Geyser into the Firehole River. You have to cross the river to get to the 
Midway Geyser Basin

Excelsior Geyser Crater. This geyser - now a thermal spring, produces more than 15,000 litres per minute.

http://churchard.com/NW_USA/day-7-geological-background.html#grand-prismatic
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Grand Prismatic Spring. The spring has beautiful colouration that begins with a deep blue centre followed 
by pale blue. Green algae forms beyond the shallow edge. Outside the scalloped rim a band of yellow fades 

into orange. Red then marks the outer border.
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Turquoise Pool. The pool has a milky, white bottom and gem-like, blue-coloured water. Suspended mineral 
particles in the water also add an opalescent iridescence.

We then went to look at some mudpots - 
where the amount of water is less and mixes with 
the rock and soil to form muds - often highly 

coloured from the iron oxides in the rock. You 
can read more about them HERE and HERE.

A mudpot on the Fountain Paintpot Trail

http://churchard.com/NW_USA/day-7-geological-background.html#paint-pot
http://churchard.com/NW_USA/day-7-geological-background.html#mudpot
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Coloured muds at the Paint Pots

At the end of a long and fascinating day 
we made our way home stopping off to look at 
the Gibbon Falls where the river of the same 

name erodes its way down through the rim of the 
Yellowstone caldera.

The Gibbon Falls
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Crossword 52

1 2 3 4 5 6 7 8

9 10

11 12

13 14 15

16 17 18 19

20 21 22 23 24

25 26 27

28 29

Across
9  Mountain Range which 
includes Mount St Helens (7)
10   Chargeless particle (7)
11 A participant in track and 
field sports (7)
12 Fossil fresh water fish found 
in these deposits (4,3)
13 Scoured terrain in east 
Washington (9)
15 Harsh or corrosive in tone - 
you dont need the IC (5)
16 A collection in London (7)
19 Make a new supply of a book 
(7)
20 A name that describes some-
one’s position (5)
21 Water supplied to help 
growth (9)
25 Mountain in Washington 
possibly wetter than others (7)

26 Man with sachs of gold (7)
28 High tea thrown aloft (7)
29 Where WEGA flew into (7)
Down
1 Reconstructed canoes may be 
too small for these (6)
2 A respiratory condition 
marked by attacks of spasm in the 
bronchi of the lungs (6)
3 A steep-sided mound of sand 
and gravel deposited by a melting ice 
sheet (4)
4 Local river now with two 
crossings (6)
5 A device able to transmit 
only light polarized in a given direc-
tion (8)
6 The exposure of scandal 
(especially about public figures) (10)
7 Mechanical double scoops 
hinged like a pair of jaws (8)

8 Not fit or suitable for eating 
(8)
14 Substances used to produce 
fermentation in dough (10)
16 A pass in a mountain ridge 
through which a stream flows (5,3)
17 Public toilets in a military 
area (8)
18 Leave one’s own country in 
order to settle permanently in another: 
(8)
22 Wrinkled coral (6)
23 A pulpy edible fruit mixes up 
a motto (6)
24 Where WEGA returned 
from (6)
27 Sail out of Early Jurassic (4)

Solution to Crossword 51
Across: 1 gypsum, 5 in full, 10 endemic, 11 granite, 12 ablate, 15 Schist, 16 educate, 17 okra, 18 isle, 19 Isotope, 
20 obvs, 22 atom, 25 Lateran, 27 Tarzan, 28 Pavlov, 31 venturi, 32 Calcite, 33 Basalt, 34 easier. 
Down: 2 yodeler, 3 samite, 4 mica, 5 Iago, 6 France, 7 laities, 8 gelato, 9 Kettle, 13 edessan, 14 scatter, 15 stopgap, 
20 octave, 21 veranda, 23 Tillite, 24 movies, 25 Lacuna, 26 Naples, 29 Rift, 30 acne. 

You can solve the crossword 
online HERE.

 It may be easier online as you 
can get hints!

http://crossword.info/GOC53/crossword_52

