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Geological Surprise in the Search for California Limestone

Along Interstate 5 just south of Redding there's a sign advertising Lake Shasta Caverns.   I've
passed that Shasta Cave sign many times. "Got to go there sometime," I’ve mused, wondering what
limestone hosts the cave, and why there's limestone near Lake Shasta anyway, with so much vol-
canic rock covering everything.   But the questions went unanswered until a local 5th grade teacher
called and asked when we could give a classroom presentation of  'Become a Rock Detective'.    She
also mentioned that she was taking her class to Lake Shasta Caverns.   That did it!  When the kids
start getting way ahead, I had better be somewhere in the vicinity!  So I started planning my own trip.
Little did I suspect it would become a geological wonder.

Shortly after talking with the teacher, and with a dollop of serendipity, a geologist friend, Carol
Golsh called with news that we would be getting a bucket of limestone from a quarry near the
Caverns; and, that she knew where the limestone outcrops and would love to drive up there.   I was
to pick up the bucket of rocks at her office and we would have a chance to talk about the geology of
this mysterious limestone.

Immediately after hanging up the phone, I began to
prepare for our little meeting.  The mystery deepened when
I learned that the limestone contained fossil coral indicat-
ing it was 360 to over 400 million years old, or Devonian
Age (see Figure 1).  So I wondered what was happening in
California during the Devonian?   With maps spread out in
her office, Carol opened the subject with a geological
bombshell.   Geologists who study the limestone find evi-
dence that during the Devonian it was a group of islands
made of coral happily living in an ancient ocean not far
from a landmass that would eventually become the North
American Continent.  So how in the world did the islands
end up HERE?

A few days later Carol and I, along with her son and his friend were heading north on I-5 to
Lake Shasta and a rendezvous with lots of limestone as well as a trip through the caverns.  Ahead of

us across the horizon were the rugged-lookng Klamath
Mountains (Figure 2) making a back drop for the city of
Redding.  The limestone is located in these mountains, and
Carol explained that the Klamaths were the result of several
major plate tectonic collisions when smaller lands crunched
into the huge land mass that would become our own North
American continent. The coral islands were the oldest of
these lands, and were being carried along on a small tectonic
plate made of ocean crust.  As I struggled to visualize these
dramatic events, we were suddenly on the bridge crossing
Lake Shasta.  Carol waved her arm to the right and said the

Figure 1.  Devonian age coral from the Kennett lime-
stone showing long vertical, and round horizontal
cross sections.

Figure 2.  View of the massive limestone out-
cropping in Klamath Mountains. Picture taken
looking east from the McCloud River Arm of
Lake Shasta.



limestone is up there.  Sure enough the east side of the lake was bordered by gray rock that
formed massive peaks and steep cliffs that towered several hundred feet above us.  She said
there were limestone quarries up there, too, and so was Lake Shasta Caverns. 

A short distance beyond the bridge, we left I-5 on a blacktop road that made its way east
along the McCloud River, one of the major flooded tributaries of the lake.  Carol had been here
on a geological field trip and it wasn't long before she nosed the van into a wide pull-off area,
jumped out and said, "You gotta see this!"  By the time I caught up she had found a peculiar
rounded cobble and broken it open to expose a very dark fine-grained rock.  I fumbled for my
hand lens and pronounced that the rock looked like basalt (a volcanic rock).  I also noticed a
shiny black rind on the outside edge of the broken, freshly exposed surface.  Carol pointed out
more of the rounded boulders in the outcrop and said one word: "pillows!"  As I realized what
she meant, I had an Oh, Wow! that raised goosebumps on my arms!  We were looking at the
volcanic engine that drove the piece of ocean crust and its island passenger inexorably toward
subduction under the approaching continental landmass.  

The cobble Carol had broken was indeed
basalt, a special kind that had erupted onto the
ocean floor at an ancient spreading center. The
hot lava formed the rounded pillows as it rapidly
solidified in the cold sea water (see Figure 3).
Courageous deep sea explorers have seen these
pillows forming today near spreading centers on
the ocean bottom off the California and Oregon
coasts.  The lava erupts from deep below with
great force that cracks the relatively thin ocean
crust and pushes it horizontally away from the
crack.  If there is a massive, thick continent in the
way,  the thin crust will subduct, or slide under-
neath it (see Figure 4).  Coral islands along with
all kinds of other ocean sediment riding on the
ocean crust will get scraped off and pile up on the
edge of the continent.  This is why there is lime-
stone along Lake Shasta in the Klamath
Mountains.

The boys were looking for snakes or anything else exciting as Carol and I walked back
to the car.  We were so jazzed by the discovery of pillows that the notion of anything else
could be ignored.  Snakes, Oh, OK.....  [I should note that my three grown children suffered
many moments being ignored when they were youngsters with me in the field.]   As we con-
tinued up the road I noticed that road cuts on both sides exposed thin parallel layers of what
looked like sedimentary rock. The layers varied from a few inches to less than an inch thick
and angled downward pretty steeply. Taken as a whole these beds were a thick sequence,
because we drove past them for a long ways.  I remembered seeing similar looking beds in
Pennsylvania where they were called, turbidites . Turbidites are fine-grained sediments shed

Figure 3.  Pillows from Lapa Lava, Puerto Rico.
Molten lava extruded into cold sea water solidifies
from the outside inward forming soft pillows.  The
cobble just above the center is about 8 inches
across.



into the ocean from a nearby landmass and deposited as a huge turbid mud flow traveling
very fast down a sloping surface.  These turbidites could have been deposited in a trench

that commonly forms where ocean crust slides beneath a landmass.  

Finally, we found the limestone -- lots of it, outcropping along the road for miles
beside the McCloud arm of the lake.  Our destination was the McCloud Bridge where Carol
expected to find outcrops of the limestone along the river banks.  She planned for us to
wander along the outcrops looking for fossils and just getting to know this rock.  But that
was not to be.  Spring rains and heavy snow melt had filled the lake to near capacity and
the limestone was under many feet of water -- so we turned back to go on a tour through
Shasta Caverns.  

On the way we gathered Rock Detective samples from the many limestone outcrops
along the road.   Why does the Rock Detective need samples from this limestone?  We are
going to write a new mystery about the Kennett limestone's fantastic trip from being a coral
island to hosting a limestone cavern some 300 million years later.  Stay tuned; we'll feature
this new Mystery on our home page.  

The trip through the cavern was extremely interesting.  The cave is several hundred
feet above the eastern shore across the McCloud arm of the lake, and a lovely ride on a
large pontoon boat took us to a waiting bus for the hairpin ride up to the cavern.  Carol and
I spotted many corals in the massive limestone outcrops at the cave entrance and by this
time I was super anxious to learn more about this rock.  The cavern is developed more ver-

Figure 4. A drawing that illustrates a subduction zone where an island approaches a con-
tinental land mass.  The spreading center is not shown, but would occur to the left of the
drawing.  Turbidites would be deposited in the trench near the edge of the continent.
Reference:  Drawing is by William Hirt from, Geologic Overview of the Klamath
Mountains published online by College of the Siskiyous  
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tically than horizontally and the entrance is at the low end.  Hence, we climbed from gallery
to gallery on a series of well-constructed steps and emerged some 300 feet higher to a
sparkling view of Shasta Lake.  In the distance was the I-5 bridge where we first saw the
steep cliffs of this fascinating, massive limestone. 

As with all geological surprises, their pursuit leads inevitably to other surprises.  This
one is no exception.  Our understanding of the history of the Kennett Limestone is in its
infancy. As it grows, the story may change.  That's the adventure called Earth Science.
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Beginning the  lovely sail by pontoon boat - Looking
across the McCloud Arm of Shasta Lake toward the
Kennett Limestone and the Entrance to Lake
Shasta Cavern.  Taken with (of all things) my cell
phone!


