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Max Kämper, above, a German, arrived at 
Mammoth Cave in 1908 and began exploring and 
charting undiscovered passages to create a map of 
the cave unprecedented in its detail and accuracy.

Mammoth Cave Guide Ed Bishop, at right, 
accompanied Kämper and shared in the many 
discoveries they made.
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If space allows, it is recommended that the text begin on the opposite page and that this page contain photographic or illustrative material. 
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Introduction

One would be hard-pressed to find any 20th-Century spelunker familiar 
with Kentucky’s Mammoth Cave system who did not also have some pass-
ing familiarity with the Kämper Map.  The work of German engineer Max 
Kämper, who explored extensive areas of Mammoth Cave in the company 
of guide Ed Bishop in 1907-1908, the meticulous hand-drawn cave map 
would for decades prove the most reliable tool for navigating the miles of 
darkness – its tangled lines of ink the equivalent of Theseus’ ball of twine in 
this natural labyrinth.

A section of the Max Kämper 
Map of Mammoth Cave, created 
in 1908.

The history of this unique document and its 
creator are topics of considerable interest 
under study by several competent scholars, 
and beyond the scope of this limited treatise, 
but the cultural and scientific impact of the 
Kämper Map as an object is significant in its 
myriad influences on the study of Mammoth 
Cave, and thus it merits special consideration 
for its conservation as an at-risk object, and 
for the preservation – indeed, the rescue – of 
the information it contains.

This effort had its inception in conversations 
between the author, who as the Visual 
Information Specialist for Mammoth Cave 
National Park frequently received requests 
for representations of the Kämper Map for 
use in publications, and the Park’s Curator, 
who indicated that demand for access to the 
original document was common to the point 
of being detrimental to the object.  At the 
same time, the Park Ecologist had immediate 
need of a digital version of the Map for several 
scholarly purposes, so the author undertook, 
initially, to simply acquire a detailed scan of 
the original object in order to provide ready 
access for research and publications and 
decrease wear, handling and exposure of the 
original.  The author’s initial inspection of 
the Map, however, revealed conditions that 
propelled an expansion of methods to achieve 
the same set of goals

Initial Condition Assessment

The Kämper Map was drawn initially 
in graphite pencil, and then finished in 
colored inks on a heavy white paper sheet, 
approximately 1,326mm wide x 792mm high.  
No records exist documenting the previous 
conservation treatment(s?) of this unique 
object, which included application of a 
stabilization backing made of linen, followed 
by adhesive lamination, sometime prior to 
October 1995.  At the time of this assessment, 
the map showed evidence of general fading, 
wear, and excessive handling. The paper has 
taken on a patina due to age and its original 
acid content.  Some foxing and original 
erasure smudging is evident, along with 
accumulated pre-lamination soiling.  There is 
no evidence of pre-lamination conservation 
cleaning.  Tears and missing fragments 
mark the edges of the Map itself from pre-
lamination handling, and breaks have begun 
to appear in the lamination itself.  The 
periphery of the object has begun to exhibit a 
degree of rigid bowing that presents concerns 
should aggressive attempts be made to flatten 
it. The map colors exhibit fading in various 
degrees, with the originally green ink suffering 
the greatest loss of fidelity, in some areas to 
the point of near-complete loss of visibility.
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Theoretical Basis and Rationale for a Digital 
Restoration

The standards for treatment of objects in 
National Park Service museums and archives 
are defined in the NPS Management Policies 
2006, Chapter 5, and expounded upon in the 
NPS Museum Handbook Part I, and take a 
forward-looking approach to determining 
what path to take in managing an object such 
as the Kämper Map for the future:

5.3.5.5.1 Preservation

An item in a museum collection will be 
preserved in its present condition through 
ongoing preventive care if that condition is 
satisfactory for exhibit or research; or another 
treatment is warranted but it cannot be 
accomplished until some future time.

An item will be stabilized if preventive 
measures are insufficient to reduce 
deterioration to a tolerable level; or the item is 
so fragile that it will be endangered under any 
circumstances.

Active conservation treatment (intervention) 
will be minimized to reduce the possibility of 
compromising the item’s integrity. All active 
treatment will be documented.

5.3.5.5.2 Restoration

An item in a museum collection may 
be restored to an earlier appearance if 
restoration is required for exhibit or research 
purposes; sufficient data about that item’s 
earlier appearance exist to enable its accurate 
restoration; and restoration will not modify 
that item’s known original character.

Restoration will be accomplished using the 
techniques and materials that least modify the 
item and so that the materials can be removed 
at a later time with minimal adverse effect.

Restored areas will be documented and 
distinguishable from original material. 
Restoration will take into account the possible 
importance of preserving signs of wear, 
damage, former maintenance, and other 
historical and scientific evidence.1

Particularly applicable to the Kämper Map is 
this standard of minimal action, a cornerstone 
in all conservation practice.  Especially when 
an object is unique, any decision regarding 
its treatment must be made with an eye to 
preserving its inherent qualities for the longest 
time in the face of natural and human-caused 
deterioration, acknowledging that every action 
has its consequences:

One objective of any treatment is minimal 
intervention to reduce the possibility of 
compromising the item’s integrity. Often, 
efforts to repair, stabilize, and restore objects 

have been detrimental to the long-term 
preservation of objects. Earlier techniques 
may have altered or destroyed important 
features of objects. In some cases, no treatment 
might have been a better choice. In part, this 
is why the preventive conservation approach 
has developed over the last few decades.

[…]Information can be destroyed with 
any active treatment, even if done with 
preservation as the goal. New analytical 
techniques are always being developed. 
Later generations often re-evaluate objects 
and have different ideas about what makes 
them significant. You should understand that, 
even with the best of intentions, interventive 
treatment usually makes a permanent 
change to the object. Even simple cleaning is a 
permanent change.2

Regrettably, the decision to laminate the 
Kämper Map may fall into the above 
description, and certainly complicates all 
questions regarding its care moving forward.

Many years ago, the conservation world 
thought that lamination was a viable 
conservation method. Lamination would 
protect documents from rough treatment and 
hold fragile items together for posterity.  Alas, 
the conservation world discovered that the 
very act of laminating a document did more 
harm than good and that lamination is not 
actually permanent. Over time, the layers 
delaminate, and the document inside slithers 
out as dust.3

Although some types of lamination may 
be reversible, object-specific factors may 
still render our most modern techniques 
inadequate to reverse past decisions.

Delamination is a complicated process 
that requires a trained paper conservator 
working in a suitable laboratory stocked with 
specialized equipment and chemicals. The 
most common method used today, solvent 
immersion, is a rigorous process that can 
pose its own risks for objects. Soluble media, 
such as the aniline inks and dyes used in some 
fountain pens, copying pencils, and even 
ruled paper, may dissolve when exposed to the 
solvents used for delamination. The process 
may also increase the fragility of documents 
on poor quality papers, such as the high-lignin 
wood pulp papers that became common 
after 1850. If the objects to be delaminated 
are in particularly bad shape, they may need 
additional conservation treatments. Once 
delaminated, objects will need to be rehoused, 
which could result in a need for expanded 
storage space.4

Given its particular characteristics, the 
Kämper Map would, therefore, seem to be a 
poor candidate for physical restoration under 
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The green and blue pigments 
of the map are most at risk 
of fading. Some features are 
already nearly unidentifiable 
without computer enhancement.

the current state of the art. Yet it appears 
evident that something must be done, as 
elements of the original map data threaten to 
vanish of their own accord, and the increasing 
fragility of the object must be balanced against 
the mandates of access imposed by regulation:

5.3.5.5.6 Archives and Manuscripts

Archival and manuscript collections are 
museum collections; they will be preserved, 
arranged, cataloged, and described in finding 
aids. They will be maintained and used in 
ways that preserve the collections and their 
context (provenance and original order) 
intact while providing controlled access. With 
few legal exemptions, the Park Service will 
make archives and manuscripts available to 
researchers.5

As an active tool for cave research, the 
Kämper Map has had remarkable longevity, 
and remains relevant for many purposes; 
demand to review it is likely to continue 
beyond the point that would be curatorially 
prudent.  Some alternative means of satisfying 
research needs must exist that does not 
compromise the object’s integrity.  Moreover, 
some thought must be made against the 
possibility, however remote, of the entire loss 
of the object to fire or other disaster.

In short, the one-and-only Kämper Map 
is vanishing before our eyes and physical 
restoration would be inadvisable at best, yet 
the research community cannot afford to lose 
the information it contains, and the National 
Park Service is required to both protect it and 
grant access to its contents at the same time.

Thus, we arrive at the digital solution now 
completed.

Beginning in 2011, this five-year project has 
applied new technologies and digital methods 
to an archival problem for which traditional 
conservation methods for maps and similar 
ephemera would not have served. Now, in 
2016, the digital restoration of the Kämper 
Map has avoided the difficulties and risks 
inherent in physical conservation of a unique 
original and offers extended opportunity for 
research and data discovery while preserving 
the original for future generations.
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This is an example of a caption 
(“Caption” in the styles menu) 
and should be placed in this side 
margin when taking up the two 
text columns, as shown here. 
The top of the text should align 
with the top edge of the photo 
box.

Methodology

Definitions

This discussion will use the term 
“programmatic” to refer to methods and 
techniques involving the use of computer 
programs and programming to digitally 
manipulate images and aspects of image data.  
Programmatic methods imply computational 
processes that effect change to an image on a 
mathematical or logical basis, as distinct from 
manual methods that rely upon the restorer’s 
judgment.

“Layer” when capitalized is used in reference 
to the discrete color separations Max Kämper 
applied in the creation of the Map; the use of 
the term is procedurally related to the creation 
of discrete data layers in the restoration.

Equipment Used

Konica-Minolta Bizhub C350 Digital 
Duplicator in scan mode; testing performed 
with an HP ScanJet 3760.

Image manipulation was performed with 
Adobe Photoshop CS 5.5 on a Windows 7 64-
bit platform.

Raw Data Scan

Test scans were made using the HP ScanJet 
3760 at resolutions of 600 ppi and 1200 ppi  
suggested that scanning the entire map at 
the higher resolution would not produce 
a significant benefit in information gained 
versus the cost in file size.  Therefore, in the 
interest of data manageability, the restoration 
resolution was set at 600 ppi x 600 ppi.

The Kämper Map was scanned in RGB color 
mode in 279mm x 431mm sections with 
approximately 50mm overlaps for sectional 
registration, and saved as native Adobe 
Photoshop (PSD) documents with a file size 
of approximately 200MB each.  Copies were 
then made, and second copies made in JPG 
format for rough positioning purposes.  The 
original scans remained untouched after being 
copied in order to preserve the initial data 
collection, and will reside in the Mammoth 
Cave National Park Curatorial archives.

The raw scan copies were then manually 
overlaid and assembled into left and right 
halves of the whole map; assembly as a 
whole map at this stage would have resulted 
in an image file of an unmanageably large 
3GB.  Each half was then divided into a grid 
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 The approximate original raw 
scan regions of the map, with 
overlaps.

Above   the scan data 
assembled and separated 
into grid blocks for data size 
managability during the 
restoration process. Once the 
restoration was completed, the 
grid blocks could be reassembled 
and anomalies due to warping 
and scanner perspective 
identified and corrected.

of subsections 7.5 in. wide x 8.0 in. high to 
create map sections of a manageable file size 
for practical manipulation, as multiple layers 
would be required during processing.  As 
this grid incorporated no overlap, precise 
numerical positioning along the grid was 
critical.

This sectional approach to scanning was 
necessary for an object the size of the Kämper 
Map, as equipment for scanning in a single 
pass was unavailable.  Sectional scanning, 
however, introduces inconsistencies in the 
resulting visual data, including rotation, 
perspective lengthening, and exposure 
gradation, that complicate section joining in 
completion of the reconstituted whole. In 
addition, assembly of the raw scan data into 
a single two-dimensional representation for 
sub-sectioning confirmed a certain number 
of anticipated displacement anomalies caused 
by the somewhat warped areas in the fabric 
of the original – the Kämper Map is no longer 
flat or fully flattenable – and no attempt was 
made to compensate for them; rather, they 
were left as visible anomalies to be rectified 
against raw scan data from alternate source 
scans. See Final Assembly, below.

Image Processing

Each subsection underwent identical initial 
processing to ensure a uniform baseline for 
individual restoration.  The initial processing 
included the following:

1. Creation of transparent, white, and black 
underlayers;

2. Creation of empty layers for each map 
color;

3. Duplication of the original map data 
layer to create Layer1;

4. On Layer1: Application of an Unsharp 
Mask: 300%, Radius 5px, Threshold 1px;

5. On Layer1: Application of Posterize 
Adjustment: 12 levels;

6. Duplication of Layer1 to create Layer2;

7. Change of Layer2’s Layer Mode to 
“Multiply”;

8. Duplication of Layer2 to create Layer3;

9. Ctrl-Select Layer1, Layer2 and Layer3, and 
Merge Layers.

This produced an enhanced visual data layer 
that could be either copied and pasted into 
target layers or left visible as an under-layer 
for individual color manipulation.
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Initial use of “Color Burn” rather than 
“Multiply” tended to over-darken areas where 
color is already more robust, leading to spots 
of dark brown or black that complicated 
programmatic differentiation using Color 
Range Selection.  Subsequent trials using 
“Multiply” rendered results slightly less 
vibrant but more homogenous, and in general 
more acceptable for processing and more 
effective in isolating more delicate hues.  
Where elements were nearly completely 
obliterated, useful results could sometimes 
be obtained using temporary nondestructive 
adjustment layers such as “Selective Color” 
to manipulate individual spectra. Referencing 
isolated image channels also occasionally 
revealed clarifying detail.

Establishment of Target Restoration Colors

The primary motivator for restoration of the 
Kämper Map is the loss of fidelity due to the 
fading of its original colors.  Kämper keyed 
his map in five colors – brown, black, red, 
green, and blue – to designate five discrete 
layers of cave formation.  Of these five colors, 
the green elements have suffered the greatest 
degree of fading, in some places to the point 
of an almost complete loss of visibility.  The 
blue elements and the brown elements have 
also tended toward deterioration.  The black 
and red elements have remained truest of the 
five, but even these exhibit variable degrees of 
fading.

In order to establish a set of restoration 
colors matching Kämper’s originals as closely 
as possible, histogram analysis and pixel 
sample averaging was conducted on select 
representative areas of the map.  A known 
color baseline was needed in order to calibrate 
the analysis.  This restoration analysis assumed 
that Kämper chose a base white paper for his 
work, and therefore white could be used as 
the known color baseline for histogrammatic 
comparison/conversion. The  whiteness and 
brightness of paper is a variable and those 
factors of the original map’s paper would be 
very difficult to ascertain without destructive 
sampling, so a baseline default of L*a*b* 
100 was chosen because paper whiteness 
and brightness are commonly rated on the 
International Commission on Illumination’s 
(CIE) L*a*b* color space. In this way, the 
colors can be extrapolated by later researchers 
on the basis of hypothesized paper differences.

Taking representative 50mm x 50mm sections 
containing all five pigment colors, each section 
was resampled as white against the patina-
colored sample of original blank paper matrix; 
this simultaneously modified the color values 
to their corresponding calibrated values.  To 
arrive at a single representative pigment for 
each color, five samples were taken of each 
color, from lightest to darkest, and the red, 
green, and blue (RGB) component values were 
individually averaged and then recombined to 
produce the target color.

(The restoration assumes that Kämper 
employed the deep black of India ink for his 
blacks, and therefore assigned a fully digital 
black – RGB 0,0,0 – to the swatch.)

This technique does not accommodate 
the variability in rates of aging between 
different pigments, and therefore should not 
be regarded as a true-color representation 
of Kämper’s originals; rather, it should be 
thought of as a “close-color” solution that 
brings a level of accuracy to the restoration.

The final color swatches used and their 
formulations are illustrated below and on the 
following page.
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Combined Approach

Attempts to restore map layers using 
programmatic techniques alone proved merely 
satisfactory, and ultimately that option was 
discarded. Returning the Green Layer and 
significant sections of the Blue and Brown 
Layers to an equivalent vibrance required 
not only manual intervention, but human 
discretion. The programmatic reductions, 
while efficient in isolating colors, made no 
allowance for the aesthetic, and tended to 
result in jagged, pixellated lines. In places 
some layers could be readily isolated from 
the surrounding matrix, yet within the same 
square inch, two other layers might be so 
muddled, or so muted, that they could not 
be distinguished without active manual 
restoration – in effect, without retouching. 
At such points, the restoration necessarily 
ventured beyond the representation of 
Kämper’s handiwork to the representation of 
Kämper’s intent, and every instance of such 
extrapolation was built upon an evidentiary 
premise drawn from the work itself.
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Calligraphy

A case in point is Kämper’s letterforms.  
Although Kämper used ruling lines in pencil 
to ensure consistency in his lettering, close 
examination shows that the letters have 
not survived well as a class of objects, with 
a tendency to deteriorate at the ends of 
ascenders and descenders, and where parts 
of certain letter bodies are thinner, though 
by and large he adopted a relatively uniform 
stroke weight.  In numerous cases large parts 
of some letters are missing, and in some 
instances entire words are almost illegible, 
particularly in the Green Layer.  Programmatic 
reconstruction proved unsatisfactory, and a 
decision was ultimately taken to reconstruct 
Kämper’s letterforms using a digital stylus.

An analysis of Kämper’s calligraphic script 
suggested the use of an ink pen with nibs of 
varying widths, held at an angle. The letters 
O and S provided useful initial clues to width 
and degree of turn across various letter sizes. 
At length, the following formula of electronic 
“brush” presets for the Paintbrush Tool were 
set for nib sizes from four to seven points. The 
narrowness of the oval and the degree of tilt 
provided the closest mimic to the original. 

With regard to the legend of numbered place-
names in the upper right quadrant of the map, 
the author did not attempt to replicate the 
list letter-by-letter. Samples of key words and 
letters in the list were recreated, then copied 
and reassembled into the corresponding words 
and phrases to compose the list, then adjusted 
the letterforms against the original for spacing.

It should be noted that it was not possible in 
all cases to replicate Kämper’s hand exactly 
using this method; he had a tendency, it seems, 
to twist the pen in his fingers while making 
certain turns, particularly in making the letter 
‘S’. If one learns from this that Kämper had 
not fully mastered his calligraphy, it only 
serves to humanize the legend.

Letterforms of varying size and 
color appear throughout the 
map. Some, particularly in green 
and blue, are nearly illegible.

Electronic brush formulations set to mimic the 
calligraphic pens used on the Kämper Map. 
(Photoshop CC 2015)
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Final Assembly

When all sections had been restored, they 
were reassembled into their respective halves 
as transparent overlays, correcting for errors 
that arose at the time of the original material 
scan.

As discussed previously, sectional scanning 
introduces inconsistencies in the resulting 
visual data, including rotation, relative 
warp-related displacement, and exposure 
gradation, that complicate section joining in 
completion of the reconstituted whole. To 
evaluate the negative effect of this limitation, 
the reassembled scan was overlain with a 
single-scan image of the Kämper Map created 
by Clemson University as a part of a larger 
curatorial digitization effort for Mammoth 
Cave National Park. 

At this time the inconsistencies due to 
original material warping were corrected 
using the Warp command before the sections 
were flattened into discrete but entire color 
layers. Halves were first assembled due to 
the file sizes involved; once the halves were 
assembled, the two were joined to create the 
whole map.

Once assembled, the whole map was 
compared by overlay to the Clemson 
University scan to assess the degree of fidelity 
loss due to scanning a warped original in 
sections. The Clemson team employed a 
large-format system with a vacuum bed that 
provided a degree of flattening, but not total 
flattening, just as with the NPS effort. The 
resulting alignment, along Kämper’s original 
plot points, showed a similar degree of arc off 
of Kämper’s guiding line, suggesting that the 
restoration scan was relatively consistent with 
what could be achieved with the map in its 
current state.

The map is digitally preservedon a DVD in 
TIFF format, not as a single digital raster, but 
as a sequence of layers, as follows:

 Map Legend Text

u Brown Layer

u Brown Text

u Black Layer

u Black Text

u Red Layer

u Red Text

u Green Layer

u Green Text

u Blue Layer

u Blue Text

w White Underlayer
     (Representing the paper matrix)

u “Workboard”

Original Scan Data and the Anomaly Layer

The Original scan data is available on a 
secondary DVD due to the size of the files. 
The original scan data file incorporates a sub-
layer called an “Anomaly Layer” composed 
of samples of original scan imagery variously 
processed to reveal traces of the originator’s 
draftsman work, text written by hand, and 
other items of interest to researchers.  Study 
of this layer may make mitigation of the map 
warping possible with mathematical precision. 
The figures below reveal a sampling of the 
unexpected finds from the restoration.. 
The various sectors of the map contain 
many such secrets waiting to be discovered, 
including curious phantom passageways 
drawn in pencil and erased. Interpretation 
of this layer was beyond the scope of the 

A Note on Aesthetic 
Responsibility

Generally, theories governing 
the restoration of historic 
fabrics, whether they be 
ephemera or architecture, 
emphasize the importance 
of distinguishing between 
authentic materials and the 
work of restoration.  It might 
be noted in this case, however, 
that the “historic fabric” 
remains, in fact, unchanged.  
The result of this restoration 
effort is not an altered 
original, but a kind of meta-
document, a framework not 
merely to protect and display 
the original, but to enhance 
and illuminate it in multiple 
ways, and to derive additional 
meaning from it.  With this 
in mind, and recognizing the 
additive potential of these 
processes, the decision was 
made to create and preserve 
programmatic layers with the 
greatest possible fidelity to 
Kämper’s original stroke work, 
but also to prepare a complete 
set of layers reconstructed on 
an equivalent basis in terms of 
ink homogeneity and robustness 
of line, manually recreating 
Kämper’s stoke work by 
stylus in augmentation to the 
programmatic enhancement.

The author confesses to a 
natural temptation, from 
time to time, to “correct” 
what appeared to be obvious 
“errors” in Kämper’s work – a 
misalignment here, a poorly 
formed letter there, a place 
where a gap could have been 
closed that the draftsman 
chose not to close. The 
thought occurred, as this digital 
restoration is created in layers of 
transparency that Kämper could 
not have imagined, to complete 
each passage as it passed below 
another rather than leave the 
broken gaps in the lines.

None of the above took place. 
To do so would have produced 
a historical fiction, rather than 
a restoration. The imperfections 
of the originator – and of the 
restorer – are both intact.

A hint of Kämper’s own hand is revealed through 
digital excavation of the enhanced original visual 
data, where he made note of the location of 
Emily’s Ave.
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Like the cave, the map contains surprises for those 
who explore it – what is this long passage that 
Kämper drew and then erased?

Another handwriting sample: “Felicia’s Dome”.

Evidence of Kämper’s cartographic technique 
emerges, such as these radial lines. Some passages 
bear remnants of his survey plots.

restoration project, and the layer is neither 
complete nor exhaustive in its methods; it 
is left to researchers knowledgeable in the 
manipulation of digital imagery to seek its 
treasures.
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Recommendations

This digital restoration, including the 600 
dpi scan of the original by Mammoth 
Cave National Park and the comparative 
scan by Clemson University, provides 
a comprehensive representation of the 
Kämper Map as it exists in 2016. The original 
imagery is fully and freely available for 
digital manipulation by researchers who may 
find ways to extract more detail or visually 
compare the restoration with the appearance 
of the original on an unprecedented scale. 
Given the deteriorating state of the original, 
it is therefore recommended that park 
management place Max Kämper’s original 
map under stringent curatorial quarantine 
to arrest any further deterioration, and to 
declare a moratorium on research access to 
the original for the foreseeable future except 
in extraordinary cases for research into the 
means of preservation of the map as an object.

Further information on the map’s contents 
and development may be acquired through 
imaging under ultraviolet, infrared spectra, 
and x-ray spectra, which may reveal details 
of map construction or other features 
not evident under visible light. Use of a 
spectrograph might reveal such information 
as ink components. The use of such methods 
must be carefully weighed in view of their 
potential harm to the document – particularly 
ultraviolet light – versus the value of the 
information to be gained.

Conclusion

At this writing the combined Mammoth Cave 
system is officially mapped and surveyed in 
excess of 400 miles in length. When Max 
Kämper took drawing pen in hand, the Flint-
Mammoth Connection was still decades in the 
future, and feats of exploration and mapping 
to rival those of the German engineer and 
his guide companion are still undertaken 
by people of the same intrepid spirit as the 
National Park Service turns 100. That the Max 
Kämper map of Mammoth Cave continues 
to inform our understanding 108 years after 
its creation is a testament not only to the skill 
and daring of its author, but to the enduring 
mystery of the Monarch of Caves. 
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curriculum.
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