Mt Rushmore & Building to Impress
By John Marhoefer

Introduction

While each was built for its own unique purpose, large scale and iconic features,
dating back to ancient times share the characteristic of leaving lasting impressions
on those fortunate to view them. A laudable example is of course the Great
Sphinx of Giza.

The Great Sphinx was built in approximately 2500 BC by the Egyptian pharaoh Khafra.
Icon building continues today and interestingly, when we examine the means and
methods used in modern times, we find great similarity to those used in previous
centuries. One way to explore this subject is to look at prior art and then compare
and contrast the methods we use today.
While there are a number of excellent examples of prior art, let’s examine as a
point of reference how the great American, Gutzon Borglum produced his
masterpiece.

The Original American Iconic Masterpiece

"More and more we sensed we were creating a truly great thing,
and after a while all of us old hands became truly dedicated to it
and determined to stick to it."
-Red Anderson, former Mount Rushmore carver

Completed in 1941 under the direction of the great American sculptor Gutzon
Borglum assisted by over 400 other workers, the faces of four great American
presidents emerged from granite of the Black Hills of South Dakota over a period
of 14 years. Today the great carvings of Mt. Rushmore National Park are viewed
by 2,000,000 people a year.
To create these massive features, Borglum brought to bear technology and
techniques which in many senses continue to be employed today. First Borglum
created a number of developmental models and finally a master model of the four
presidents on a 1-to-12-inch scale, meaning an inch on the model represented a

foot on the cliff. This model can still be viewed at the Sculptor's Studio at the
Park.

Here Gutzon Borglum poses with his 1:12 Scale Model.
This model shows the original vision for Mt. Rushmore.
It was never finished to this level due to cost over-runs.
But how to transfer from the model to the mountain? Adopting an ancient Greek
system, Borglum's answer was his "pointing machine”, a protractor mounted
horizontally on top of the model's head. A metal shaft (1) was placed upright at
the center of the model's head to define a central axis. Attached at the base of
the shaft was the protractor plate (2), marked in degrees, and a horizontal ruled
bar (3) that pivoted to measure the angle from the central axis.

Schematic of the “pointing” machine.

A posed period photo intended to give an idea of how “pointing” measurements worked
A weighted plumb line (4) hung from the bar and it slid back and forth to measure the
distance from the central head point, and raised and lowered to measure vertical distance
from the top of the head. Thus, each surface point on the model received three separate
measurements, an angle and two distances (in inches). The distances were then multiplied by
12 to convert to feet in life-scale. Angles remained the same. Dimensions would be
transferred to the granite face via a similar but large-scale pointing mechanism anchored at
the top of the mountain.

A life-scale pointing machine.
This rig or one like it would have been erected at several locations during the course of the
work.

Borglum, established in accordance with his vision, the locations of the central axis
for a given figure or portion thereof in advance of the starting work in earnest.
This would have likely consisted of placing the large scale pointing mechanism in
place. Having this device in place facilitated a ‘mapping’ of the existing, in-situ
rock surface(s). In other words, using the large scale device Borglum, by taking
the noted three dimensions for thousands of points on the in-situ rock face
established what we might now refer to as a ‘cloud-of-points’ of the existing rock
face. Knowing the existing formation rock face and the final surface face,
permitted Borglum and his workers to calculate how much rock would need to be
removed a critical component in the work.

Mt. Rushmore before the work.
[Borglum mapped the in-situ rock surface using a pointing machine or surveying instruments.]
While at first Borglum ruled out the use of explosives he quickly changed his mind
and ultimately most of the rock removed on the Mt Rushmore project was through
the use of explosive charges. In doing so, Borglum employed techniques he had
developed at his Stone Mountain work and came to rely upon skills his crew had
acquired in mining. In fact, among the most highly paid workers on the project
were those setting and using dynamite.
These workers developed understanding how close they could come to the final
finish surface using blasting. They knew how deep they should drill, what
diameter to use and how much and where to set the explosive charges. Borglum’s

‘powder men’ were so skilled that they could blast to within four inches of the
finished surface. The blasting method became so efficient that 90% of the
450,000 tons of granite removed from the mountain was taken out with dynamite
(much of which we see to this day on the apron of the façade). The closer the
blasters got to the finished face, the more carefully Borglum studied the heads,
making changes as necessary. The most drastic change was the relocation of the
Jefferson head from Washington's right to his left side because of insufficient rock
to complete the figure.

Lincoln in both roughed form and finish forming stages.
A man in a bosun’s chair sits just above the bridge of Lincoln’s nose.
After blasting, the features were shaped by workers suspended by cables in swing
seats called bosun’s chairs. First they used pneumatic drills to drill closely spaced
holes to exacting depths, a process known as "honeycombing." The rock between
these holes was then broken away using chisels and hammers. Blacksmiths
sharpened hundreds of tools each day that dulled quickly on the rock. The final
process, known as "bumping," used a pneumatic drill and a special bit to leave the
finished white surface as smooth as a concrete sidewalk.

Tools of the trade.
Interestingly, as his dream neared its completion, Borglum's biggest fear was
leaving a mystery for future generations. So in 1938, Borglum began carving a
giant vault in the canyon wall directly behind Mount Rushmore. Into this great hall,
he planned to place records of the memorial, of Western civilization, of individual
liberty and freedom.

Washington’s 60’ tall head in process.
It is possible that the jig in the photo is for dimensional control.
Regrettably Borglum's death and the country's entry into
World War II intervened and the Hall of Records was left
unfinished until 1998 when the National Park Service
completed a scaled down version of the hall. Included in the
records therein are the following words of Borglum:

"I want, somewhere in America, on or near
the Rockies, the backbone of the Continent,
so far removed from succeeding, selfish,
coveting civilizations, a few feet of stone
that bears witness, carries the likeness, the dates, a word or
two of the great things we accomplished as a Nation,
placed so high it won't pay to pull them down for lesser
purposes.
"Hence, let us place there, carved high, as close to heaven
as we can, the words of our leaders, their faces, to show
posterity what manner of men they were. Then breathe a
prayer that these records will endure until the wind and rain
alone shall wear them away."

Mt. Rushmore Photo Gallery

Gutzon Borglum’s Masterpiece.

An example of a sculptor removing stone pieces that were “honeycombed”. This is last major
media removal before final face surface finishing.

Early stages of the work. Notice Jefferson on Washington’s right and pointing machine
above. Borglum eventually moved Jefferson to Washington’s left side because of insufficient
amount of quality rock.

Jefferson relocated. Notice Lincoln being “roughed-out”.

Surface finishing Jefferson

From a publication of the time.

